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PREFACE 


This  report  presents  the  results  of  a  review  of  the  psychological 
literature  to  determine  the  characteristics  of  individuals  and  groups 
that  predict  the  quality  of  performance  of  small  groups  on  tasks  requir¬ 
ing  ability  and  skill.  The  research,  which  was  conducted  in  Rand’s 
Defense  Manpower  Research  Center,  was  sponsored  by  the  Office  of 
the  Assistant  Secretary  of  Defense  for  Manpower,  Installations,  and 
Logistics  under  Contract  No.  MDA903-83-C-0047. 

These  findings  and  their  implications  for  policy  and  future  research 
are  intended  for  a  diverse  audience,  including  government  policymakers 
and  the  social  scientific  research  community. 
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SUMMARY 


In  this  review,  we  examined  the  nature  of  unit  performance  and 
searched  for  predictors  of  quality  performance.  The  search  encom¬ 
passed  the  topics  of  the  characteristics  of  individuals,  characteristic?  of 
groups,  leadership  characteristics,  group  structure,  group  processes,  and 
team  training  techniques.  Because  unit  performance  is  so  broadly 
defined,  much  of  the  research  yielded  ambiguous  or  seeming?/;  contra¬ 
dictory  prescriptions;  put  another  way,  there  are  many  variable  that 
interact  to  determine  unit  performance,  so  that  without  a  good  specifi¬ 
cation  of  these  variables,  consistent  prediction  is  unlikely.  Within  this 
context  of  complexity,  though,  there  did  emerge  some  consistent  pat¬ 
terns. 

There  is  general  agreement  that  objective  measures  of  performance, 
keyed  to  small  behavioral  segments  performed  by  working  groups,  will 
yield  more  reliable  and  valid  results  than  subjective,  global  measures  of 
performance.  Moreover,  feedback  in  terms  of  such  measures  produces 
more  improvement  in  performance  than  more  general  feedback. 
Therefore,  efforts  to  specify  task  performance  in  small  behavioral 
units,  which  is  an  ongoing  effort  in  the  development  of  Army  training 
techniques,  should  be  continued  and  widened  in  BCOpe. 

A  major  distinction  between  unit  environments  is  whether  they  are 
interactive  or  coactive.  Interactive  environments  call  for  individual 
duties  that  are  collaborative  and  involve  joint  action,  whereas  coactive 
environments  are  those  in  which  group  productivity  is  a  function  of 
separate,  albeit  coordinated,  individual  effort.  Most  unit  performance 
tasks  in  the  Army  are  more  interactive  than  they  are  coactive.  The 
distinction  between  the  two  types  is  important  because  predictors  of 
unit  performance  are  more  often  than  not  dependent  on  whether  the 
task  is  interactive  or  coactive. 

A  number  of  studies  using  general  individual  ability,  individual  task 
proficiency,  and  the  heterogeneity  of  group  proficiency  as  predictors 
have  shown  a  common  pattern  of  predictiveness  on  unit  performance. 
For  coactive  tasks,  the  higher  the  ability  of  individual  group  mombers, 
or  the  greater  the  heterogeneity  of  the  group,  the  better  was  perform¬ 
ance,  particularly  in  the  learning  stages  of  any  task.  Over  a  number  of 
studies  of  coactive  tasks,  from  one-quarter  to  one-half  of  the  variation 
in  performance  quality  could  be  attributable  to  the  ability  of  the 
members.  The  more  routino  the  task,  the  less  greater  practice  affected 
ability.  On  the  other  hand,  with  interactive  tasks,  the  effect  of  ability 
was  reduced,  if  present  at  all,  and  outcomes  were  much  more  task- 
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specific.  For  some  interactive  tasks,  there  is  a  “bottleneck”  effect, 
where  performance  is  more  determined  by  the  least-able  member,  while 
for  other  tasks,  there  is  an  opposite  effect,  where  the  most-able 
member  predominates  and  determines  performance.  Which  of  these 
effects  will  obtain  depends  on  the  specific  nature  of  the  task.  For  tasks 
in  which  members  may  easily  replace  each  others'  roles,  the  more-able 
members  can  perform  multiple  functions,  and  their  ability  will  deter¬ 
mine  performance.  For  tasks  in  which  there  is  little  role  flexibility,  the 
least-able  member  determines  performance. 

It  is  almost  tautologically  true  that  the  higher  a  person’s  motivation, 
the  better  will  be  his  performance.  However,  this  generality  must  be 
qualified  by  the  research  evidence  that  what  motivates  individuals  to 
perform  in  any  given  task  is  not  obvious  and  may  even  be  counterintui¬ 
tive.  For  any  particular  program,  a  brief  investigation  to  ascertain  the 
specific  motivations  of  the  unit  members,  perhaps  in  the  form  of  focus 
groups  or  interviews,  should  precede  the  establishment  of  a  reward 
structure. 

There  are  a  great  number  of  studies  examining  the  effect  of  the  per¬ 
sonalities  of  group  members  and  group  leaders  on  group  productivity. 
However,  these  studies  have  not  followed  any  systematic  pattern  of 
investigation,  and  together  do  not  offer  any  recommendations  for 
assembling  units  so  as  to  improve  performance.  However,  a  systematic 
research  program  on  leader  behavior  has  identified  a  number  of 
behaviors  that  lead  to  more  effective  leadership  and  better  unit  per¬ 
formance.  Among  those  behaviors  are  an  emphasis  on  performance, 
maintenance  of  well-defined  roles  for  group  members,  attentive 
management  control,  and  an  adviser  or  counsellor  for  supervised  per¬ 
sonnel.  Leadership  training  programs  that  teach  those  skills  should 
improve  unit  performance. 

The  homogeneity  of  the  unit  may  be  a  factor  influencing  perform¬ 
ance.  Homogeneity  of  ability  may  either  help  or  hinder  interactive 
tasks,  as  was  discussed  above.  Homogeneity  in  terms  of  socioeconomic, 
demographic,  or  personality  characteristics  presents  a  somewhat  per¬ 
plexing  picture.  On  the  one  hand,  a  number  of  studies  have  shown 
that  homogeneity  of  such  characteristics  prevents  the  formation  of  dis¬ 
ruptive  cliques  and  leads  to  better  performance.  On  the  other  hand,  a 
different  set  of  studies  has  shown  that  groups  that  are  very  cohesive  in 
the  sense  of  liking  each  other  very  much  attend  more  to  the  socioemo- 
tional  aspects  of  the  group  relationship  to  the  detriment  of  perform¬ 
ance,  and  so  perform  at  lower  levels.  The  two  findings  are  contradic¬ 
tory  because  groups  that  are  homogeneous  tend  to  have  more  liking 
among  group  members. 
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There  is  clear  evidence  that  a  common  orientation  toward  task  pro¬ 
ductivity  is  associated  with  superior  performance.  However,  the  causal 
direction  of  that  association  is  not  firmly  established.  The  weight  of 
present  evidence  tilts  more  toward  the  hypothesis  that  successful  unit 
experience  engenders  feelings  of  cohesiveness  rather  than  cohesiveness 
producing  successful  experience.  Moreover,  too  much  affective  cohe¬ 
sion,  or  group  emotional  solidarity,  might  interfere  with  the  critical 
appraisal  of  performance  that  is  needed  to  maintain  quality.  There¬ 
fore,  at  present,  there  is  little  incentive  for  programmatic  measures  to 
improve  group  cohesiveness. 

Finally,  our  review  of  the  work  on  team  training  techniques  supports 
current  efforts  by  armed  forces  investigators.  Feedback  on  perform¬ 
ance,  both  on  individual  and  group  levels  and  in  the  form  of  informa¬ 
tion  about  specific  behavioral  segments,  improves  performance.  Simu¬ 
lation  exercises,  especially  those  employing  new  high-technology 
devices,  provide  surrogate  battlefield  experience  that  aids  performance. 
There  is  also  a  need  for  training  in  communication,  so  that  team 
members  can  communicate  efficiently  and  effectively.  The  motivation 
of  team  members  can  be  affected  by  appropriate  training  and  induce¬ 
ments;  more  research  on  effective  techniques  is  needed.  Finally,  the 
complex  task  of  team  members,  in  which  balances  muBt  be  struck  in 
terms  of  specialised  roles  vs.  procedural  flexibility,  individual  initiative 
vs.  team  coordination,  and  "rational”  task  orientation  vs.  esprit  de 
corps,  requires  further  research  within  military  settings;  analyses  of 
extant  preliminary  studies  indicate  that  this  line  of  research  promises 
to  yield  practical  results. 


ACKNOWLEDGMENTS 


The  authors  gratefully  acknowledge  their  indebtedness  to  several 
people  who  have  contributed  to  this  effort:  Bruce  Orvis,  Roberta 
Smith,  Cathleen  Stasz,  and  Gail  Zellman,  all  of  The  Rand  Corporation; 
and  Leigh  Burstein  of  the  University  of  California  at  Los  Angeles. 


lx 


CONTENTS 


PREFACE .  iii 

SUMMARY  .  v 

ACKNOWLEDGMENTS  .  ix 

FIGURE  AND  TABLES . xiii 

ACRONYMS . xv 

Section 

I.  INTRODUCTION  . .  1 

Background .  1 

Overview  . 3 

II.  DEFINITIONS .  7 

Units  of  Analysis .  7 

Defining  a  Unit .  7 

Defining  Performance .  9 

Defining  Group  Tasks  . 12 

III.  PREDICTING  GROUP  PERFORMANCE  FROM 

CHARACTERISTICS  OF  INDIVIDUALS  .  15 

General  Ability  .  16 

Individual  Task  Proficiency  Prior  to  Teamwork .  19 

Personality  and  Motivation .  23 

Summary  .  27 

IV.  LEADERSHIP  .  29 

Ability  of  the  Leader  .  30 

Personality  of  the  Leader  .  33 

Leader  Behavior  and  leadership  Styles . 35 

Summary  .  39 

V.  GROUP  STRUCTURE  . 40 

Size  and  Turbulence . 40 

Distribution  of  General  Ability . 43 

Task-Related  Abilities  and  F  roficiency  in  the  Task  ....  46 

Homogeneity  of  Personality  and  Cognitive  Styles . 50 

Interpersonal  Compatibility . 55 

Summary  . 63 


xl 


VI.  GROUP  PROCESSES  . 64 

Group  Cohesiveness . 66 

Interpersonal  Attraction . 67 

Summary  .  .  .  4 . 69 

VII.  TRAINING  TECHNIQUES  . 70 

Feedback  About  Performance  . 70 

Training  Through  Simulation  . 72 

Motivation  in  Training . 73 

Team -Oriented  Training . 73 

Summary  . 77 

VIII.  CONCLUSIONS . 79 

Appendix:  THE  RELIABILITY  AND  VALIDITY  OF 
UNIT  PERFORMANCE  MEASUREMENTS .  83 

REFERENCES  . 97 


FIGURE 


1.  Fiedler’s  Contingency  Model .  38 


TABLES 

A.l.  Estimates  of  Variance  Components  for  a  One-Facet,  K  x  0 

Design . 86 

A.2.  Expected  Mean  Squares  in  a  C  x  P(C)  x  Cr(PC)  x  0 

Generalizability  Design  . 91 

A.3.  Variance  Components  from  the  Table  VIII  Dataset  . 91 


ACRONYMS 


ARTEP 

ASVAB 

CO 

CONUS 

COTEAM 

FIRO-B 

FORSCOM 

G 

GCT 

LPC 

MILES 

MOS 

ORTT 

REALTRAIN 

SAM 

SAT 

SQT 

TAT 

TRADOC 


ARmy  Training  and  Evaluation  Program 
Armed  Services  Vocational  Aptitude  Battery 
COmbat  potential— a  scale  of  the  ASVAB 
CONtinental  United  States 

Combat  Operations  Training  Effectiveness  Analysis 
Model 

Fundamental  Interpersonal  Relationship  Orientation- 
Behavior— a  personality  test 
FORceS  COMmand  of  the  U.S.  Army 
Generalizability  theory— an  analytic  technique  for  exa¬ 
mining  the  reliability  of  data 
General  Classification  Test— a  measure  of  ability 
Least  Preferred  Coworker  score— a  measure  of  leader¬ 
ship  style 

Multiple  Integrated  Laser  Engagement  System— a 
modem,  high-technology  training  simulation  exercise 
Military  Occupational  Specialty 
Operational  Readiness  Training  Test— a  field  test 
A  REAListic  TRAINing  simulation  exercise 
Surface-to-Air  Missile 
Scholastic  Aptitude  Test 

Skill  Qualification  Test— an  Army  performance  meas¬ 
ure 

Thematic  Apperception  Test— a  personality  test 
TRAining  and  DOCtrine  command  of  the  U.S.  Army 


1 


I.  INTRODUCTION 


BACKGROUND 

This  study  is  an  initial  effort  to  understand  how  characteristics  of 
individuals  influence  the  effectiveness  and  efficiency  with  which  the 
military  units  to  which  they  belong  perform  their  missions.  This  pro¬ 
ject  was  originally  motivated  by  Congressional  interest  in  the  relation¬ 
ship  between  enlistment  standards  and  military  performance. 
Congress,  like  the  Services  and  the  Office  of  the  Secretary  of  Defense, 
observed  the  continuing  difficulty  of  recruiting  high-quality  enlisted 
personnel,  and  wished  to  know  the  extent  to  which  different  ability 
mixes  in  the  enlisted  force  would  produce  differences  in  the  capabilities 
of  the  Armed  Services  to  perform  their  missions.  There  is  much 
research  on  the  relationship  between  attributes  of  individuals  and  their 
performance  of  one-person  tasks.  But  modem  military  combat  is  nor¬ 
mally  a  group  task,  and  at  the  time  this  study  was  undertaken,  there 
appeared  to  be  very  little  research  on  the  way  that  characteristics  of 
individual  members  of  a  group  affect  the  performance  of  tasks  by  the 
group  as  a  whole.  Therefore,  this  research  was  undertaken  with  three 
goals  in  mind: 

•  Systematic  review  of  knowledge  about  the  relationship  between 
individual  attributes  of  group  members  and  the  efficiency  and 
effectiveness  with  which  their  group  performs  collective  tasks. 

•  Identification  and  evaluation  of  potential  sources  of  data  on  the 
relationship  between  group  performance  and  the  attributes  of 
individual  group  members. 

•  Acquisition  of  performance  di'ta  analyses  of  the  reliability  and 
validity  of  performance  measures,  and  statistical  modelling  of 
the  relationship  between  group  performance  and  the  charac¬ 
teristics  of  individual  group  members. 

The  third  of  these  goals  was  frustrated  by  concern  over  the  confi¬ 
dentiality  of  performance  data.  The  second  goal  became,  over  time, 
unimportant  to  the  client  for  whom  this  research  was  undertaken.  And 
so  the  first  goal,  assessment  of  current  knowledge  of  the  relationship 
between  individual  characteristics  and  group  performance,  became  the 
single  focus  of  this  project. 
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Before  proceeding,  we  note  in  more  detail  that  the  relationship 
between  personnel  characteristics  and  unit  performance  has  broad 
relevance  to  a  variety  of  military  personnel  management  issues.  This 
relevance  is  illustrated  by  a  few  examples: 

•  Obtaining  high-aptitude  accessions  has  remained  a  problem  for 
the  all-volunteer  force.  If  all  military  tasks  were  individual 
activities,  there  would  be  a  relatively  simple,  monotonic  rela¬ 
tionship  between  the  aptitude  of  individuals  and  the  perform¬ 
ance  of  tasks.  But  many  activities,  including  combat,  are  group 
tasks.  So  the  aptitude  mix  of  a  unit,  rather  than  the  simple 
aptitude  of  an  individual,  becomes  relevant  to  considerations  of 
aptitude  and  performance.  Answers  to  certain  key  questions 
about  unit  performance  would  shed  light  on  the  relationship 
between  aptitude  mix  and  performance,  and  would  indicate  the 
feasibility  of  manipulating  the  ability  mix  of  a  unit’s  members 
to  enhance  the  group's  performance,  even  with  a  fixed  distribu¬ 
tion  of  abilities  in  the  force.  These  questions  include:  Does  a 
single  high-aptitude  member  of  a  unit  make  up  for  a  low  aver¬ 
age  level  of  aptitude  in  a  unit?  During  unit  training,  does  the 
presence  of  a  single  high-aptitude  member  of  the  unit  affect  the 
learning  curve  of  the  unit  as  a  whole?  Does  high  or  low  vari¬ 
ance  in  the  individual  aptitudes  of  unit  members  affect  the  per¬ 
formance  of  the  unit  as  a  whole?  Does  a  single  low-aptitude 
member  of  a  unit  drag  down  performance  of  the  entire  unit? 

Similarly,  the  retention  of  experienced  personnel  is  believed  to  be 
important  for  mission-  as  well  as  cost-effectiveness.  Just  as  the  ability 
mix  of  a  group  is  important  to  consider,  the  experience  mix  of  a  group 
may  be  an  important  variable  in  maximizing  group  performance. 

•  Keeping  individuals  together  in  working  units  is  logistically 
complex,  expensive,  and  reduces  management  flexibility.  Yet 
there  is  reason  to  believe  that  keeping  units  together  improves 
their  task  performance,  and  may  even  affect  the  propensities  of 
their  members  to  terminate  military  service.  Balancing  benefits 
and  costs  of  keeping  units  together  requires  estimates  of  the 
relationship  between  a  unit’s  length  of  time  together  and  its 
performance  as  a  unit.  For  example:  To  what  extent  does  the 
length  of  a  unit’s  experience  together  affect  the  unit’s  perfor¬ 
mance?  To  what  extent,  if  any,  do  other  factors  such  as  train¬ 
ing,  apt’tude,  or  task  complexity  affect  the  relationship  between 
time  together  and  performance?  Does  longer  experience  as  a 
working  unit  compensate  for  lower  experience  levels  of  individ- 
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uals  in  the  unit?  Does  time  together  as  a  unit  have  less  impact 
on  unit  performance  when  individual  unit  members  have  high 
task  skill  levels  (e.g.,  Skill  Qualification  Test  (SQT)  scores) 
than  when  individual  members  have  moderate  or  low  task  skill 
levels? 

•  In  theory,  leadership  can  make  up  for  individual  deficiencies  in 
unit  members’  ability  or  experience.  In  practice,  it  would  be 
useful  to  gain  some  quantitative  measure  of  the  ways  that 
specific  characteristics  of  unit  leaders  affect  the  performance  of 
their  units.  For  example:  What  are  the  effects  on  a  unit’s  per¬ 
formance  of  the  unit  leader’s  length  of  experience  with  that 
unit,  length  of  total  military  experience,  length  of  experience  as 
a  commander  of  other  units,  and  mental  ability?  Do  high  levels 
of  experience,  mental  ability,  or  skill  among  unit  members 
make  up  for  low  levels  of  unit  commander  experience?  Do  high 
levels  of  unit  commander  ability  and  experience  make  up  for 
low  levels  of  ability  or  experience  among  his  subordinates?  To 
what  extent  do  these  effects  vary  with  the  type  of  task  per¬ 
formed  by  the  unit? 

These  are  just  a  few  examples  of  the  policy  questions  which  can  be 
addressed  by  information  about  the  relationship  between  characteris¬ 
tics  of  individuals  and  the  performance  of  the  combat  units  to  which 
they  belong.  We  believe  that  these  questions  illustrate  the  importance 
of  knowing  what  determines  unit  performance,  and  of  applying  that 
information  to  the  complex  problems  of  accession  policy,  training,  and 
force  management. 

The  present  study  therefore  reviews  existing  studies  of  the  deter¬ 
minants  of  group  performance,  in  an  attempt  to  understand  how  per¬ 
sonnel  characteristics  of  units  affect  the  effectiveness  and  efficiency 
with  which  those  units  perform  their  missions.  As  defined  for  this  pro¬ 
ject,  unit  performance  is  the  aggregate  behavior  of  personnel  in  a  unit. 
This  definition  excludes  nonpersonnel  characteristics  such  as  equip¬ 
ment,  weapons,  or  other  logistics  associated  with  units. 


OVERVIEW 

Predicting  small  group  performance  from  the  characteristice  of  indi¬ 
viduals  and  groups  is  a  complex  and  multidimensional  process.  The 
purpose  of  this  review  is  to  provide  a  broad  survey  of  the  results  that 
have  been  found  in  both  the  civilian  and  the  military  literature  that 
might  have  an  application  to  small  units  engaged  in  combat  arms.  We 
have  attempted  as  extensive  a  coverage  of  the  military  literature  as 
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practical,  as  the  relevance  of  these  studies  is  obvious,  but  the  vastness 
of  the  civilian  literature  mandated  a  focus  as  to  units  studied  and 
topics  addressed. 

Our  approach  to  civilian  studies  has  been  to  cover  the  field  of  group 
performance  in  general  with  a  concentration  on  one  subfield:  the 
psychology  of  team  sports.  This  was  done  because  the  motivational 
and  task  characteristics  of  military  and  sports  performance  have  strong 
similarities.  Many  of  Zander’s  (1978)  characteristics  of  athletic  teams 
apply  to  military  units  as  well:  they  perform  in  public,  act  as  proxies 
for  a  larger  public  who  are  emotionally  involved  and  who  demand  vic¬ 
tory,  are  subject  to  public  criticism  and  shame  if  they  fail,  are  trained 
to  operate  with  well-defined  rules,  and  must  spontaneously  react 
appropriately  to  unexpected  events.  Indeed,  leaders  in  each  field  freely 
employ  terminology  from  the  other.  Both  military  and  team  sportB 
tasks  may  be  characterized  as  addressing  highly  competitive  situations 
involving  winning  vs.  losing  as  the  very  reason  for  the  formation  of  the 
unit. 

We  should  note,  however,  that  examining  performance  of  sports 
teams  introduces  methodological  problems  of  generalization.  Sports 
teams  are  voluntary  bodies  with  a  high  degree  of  self-selectivity,  and 
any  conclusions  based  on  behavioral  observations  of  such  bodies  must 
be  tempered  by  the  fact  that  team  members  may  be  atypical  of  the  gen¬ 
eral  population  on  the  behaviors  measured  and  their  underlying  causes. 
While  the  modern  Army  is  also  a  voluntary  organization,  whose 
members  may  not  be  representative  of  the  population  at  large,  there 
have  not  been  any  empirical  studies  showing  that  Army  volunteers  and 
sports  team  members  are  similar  enough  subpopulations  to  conclusively 
demonstrate  the  validity  of  generalizing  from  one  to  the  other. 

Nonetheless,  we  concentrated  our  literature  search  on  predictors  of 
performance  of  military  and  sports  units,  relying  on  summaries  of  the 
state  of  the  art  in  large  part  for  research  on  other  units.  We  included 
specific  studies  from  the  general  research  literature  either  to  illustrate 
the  way  the  research  community  approached  the  topic  at  hand  or  if  the 
studies  made  major  theoretical  or  practical  statements. 

The  topics  considered  here  have  emerged  from  the  reviewed  litera¬ 
ture.  First,  we  discuss  the  problem  of  units  of  measurement  and  define 
the  type  of  unit  we  are  investigating.  In  so  doing,  we  distinguish 
among  types  of  units  and  characteristics  of  groups.  Then,  we  address 
the  problems  :f  defining  group  tasks  and  performance  measures. 
These  definitions  examinod,  we  turn  next  to  an  investigation  of  predic¬ 
tors  of  group  performance.  In  this  investigation,  we  first  address  gen¬ 
eral  knowledge,  and  then  turn  to  any  findings  directly  applicable  to 
military  units. 
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A  theoretical  model  that  guided  the  organization  of  this  review  is 
Living  Systems  Theory  (Miller,  1978).  This  theory  is  an  extensive 
model  of  hierarchically  organized  living  systems,  of  which  a  military 
structure  is  an  obvious  example.  In  Living  Systems  Theory,  the 
behavior  of  units  at  different  levels  of  organization  (soldier,  squad,  pla¬ 
toon,  . . . ,  division)  is  analyzed  in  a  framework  that  postulates  that 
any  living  system  engages  in  two  types  of  processes— those  dealing  with 
the  physical  world  of  matter  and  energy  and  those  dealing  with  the 
symbolic  world  of  information  processing.  These  two  worlds  are 
further  broken  down  into  functions  that  have  common  representation 
in  any  level  of  organization,  such  as  communication,  transportation,  or 
decisionmaking;  these  functions  then  become  the  targets  of  study. 

While  the  potential  usefulness  of  this  approach  is  evident,  there 
unfortunately  appeared  to  be  no  explicit  attempts  to  employ  Living 
Systems  Theory  in  our  examinations  of  military  unit  performance. 
Ruscoe  (1982)  documents  the  Army's  considerable  interest  in  the 
model,  but  the  research  he  reports  is  currently  restricted  to  the  bat¬ 
talion  level  of  organization.  Ruscoe’s  analyses,  although  not  immedi¬ 
ately  pertinent  to  the  review  at  hand,  provide  a  model  for  the  diagnosis 
of  problems  that  can  impede  the  effectiveness  of  unit  functioning. 
Problems  of  appropriate  measurement,  treatment  of  data,  and  decoding 
of  results  are  all  illustrated  from  the  Living  Systems  viewpoint,  and 
some  findings  are  directly  translatable  into  recommendations  for 
changes  in  procedure  on  the  battalion  level.  Ruscoe  concludes  that  the 
Living  Systems  approach  is  by  itself  insufficient  to  treat  the  empirical 
realities  of  U.S.  Army  organization,  but  does  provide  a  framework  on 
which  to  build  a  workable  model. 

Other  critics  of  research  on  small  group  performance  have  noted 
features  of  the  problem  that  are  consistent  with  a  Living  Systems 
approach.  MacCrimmon  (1980)  points  out  that  tasks  could  be  defined 
on  their  degree  of  complexity,  the  amount  of  uncertainty  in  the 
environment,  and  the  conflict  inherent  in  the  situation.  Each  of  these 
dimensions  is  applicable  for  analysis  at  different  levels  of  organization, 
and  the  appropriate  decisionmaking  steps  and  criteria  for  good  per¬ 
formance  are  not  level-dependent.  MacCrimmon's  approach  is  theoret¬ 
ical  rather  than  empirical  or  practical,  but  he  does  offer  some  practical 
applications  backed  by  informal  case  histories.  Roberts  (1980)  has 
noted  the  general  eclecticism  in  the  study  of  group  performance 
research  and  calls  for  a  more  unified  approach.  Many  of  her  recom¬ 
mendations  are  entirely  consistent  with  the  systems  approach.  These 
include: 
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•  Examining  functioning  groups  in  their  natural  environment 

•  Studying  group  processes  over  time 

•  Studying  transformation  processes 

•  Regarding  input/output  and  communications  links  as  major 
process  variables 

•  Focusing  on  the  group  level  of  analysis 

Our  analyses  below  will  often  address  these  points. 

Our  investigation  identified  five  general  categories  of  predictors  of 
group  performance: 

1.  Individual  characteristics  (general  ability,  task  proficiency, 
and  personality  characteristics) 

2.  Leadership  (ability  of  the  leader,  personality,  and  leadership 
behavior) 

3.  Croup  structural  composition,  or  the  mix  of  individual  charac¬ 
teristics  (general  ability,  task  proficiency,  personality,  and  cog¬ 
nitive  style) 

4.  Group  processes  (cohesiveness,  attraction) 

5.  Training  techniques  (feedback  vs.  no  feedback,  and  feedback 
about  group  vs.  individual  performance) 

The  amount  of  detail  given  to  each  of  these  categories  is  related  to, 
the  likelihood  of  application  in  the  military  setting.  For  example,  a 
pressing  question  in  the  military  is  how  to  compose  groups— whether 
those  groups  are  crews,  platoons,  or  companies— for  optimal  perform¬ 
ance.  Since  the  military  has  considerable  control  over  how  tinits  are 
assembled,  and  may  profitably  use  the  results  of  research  comparing 
different  group  competitions,  considerable  detail  is  provided  for  the 
research  on  group  composition.  Less  detail  is  given  to  the  research  on 
leadership  because  this  variable  is  not  easily  manipulated,  either  by 
altering  the  behavior  of  individuals  in  leadership  capacity  or  the 
predominant  leadership  styles  in  established  organisations.  Further¬ 
more,  some  characteristics  that  have  been  shown  in  civilian  studies  to 
relate  to  group  performance  are  omitted  here  because  they  have  little 
or  no  rclcv&nce  to  military  settings,  including,  for  example,  whether 
leaders  are  appointed  or  elected,  the  amount  of  information  given  to 
group  members  regarding  the  group  goal,  and  the  communication  struc¬ 
ture  (e.g.,  hierarchical  lines  of  communication  vs.  fully  interlocking 
networks). 
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II.  DEFINITIONS 


UNITS  OF  ANALYSIS 

In  a  hierarchically  arranged  organization  such  as  the  Army,  a  vital 
issue  that  precedes  any  evaluation  of  performance  is  the  choice  of  a 
unit  of  analysis.  At  times,  the  choice  of  unit  of  analysis  might  be  self- 
evident  from  the  task  at  hand.  But  at  other  times,  this  choice  might 
be  not  at  all  clear,  yet  critical  to  the  problem  being  faced.  For  exam¬ 
ple,  in  deciding  who  has  won  a  battle  between  opposing  armies,  the 
unit  of  analysis  is  the  entire  force  of  each  side;  individual  vs.  individ¬ 
ual  combat  or  even  wing  vs.  wing  encounters  are  not  of  interest  except 
as  they  define  the  outcome  of  the  whole.  Similarly,  in  marksmanship 
training,  the  score  of  the  individual  soldier  is  the  appropriate  unit  of 
analysis;  aggregate  platoon  or  company  scores  might  be  helpful  for 
other  reasons,  but  are  not  useful  in  evaluating  the  accuracy  of  a  partic¬ 
ular  rifleman.  However,  in  group  training  exercises,  the  appropriate 
unit  of  measurement  is  not  clear.  If  a  rifle  company  is  assigned  the 
training  exercise  of  taking  a  specified  objective,  is  the  appropriate  unit 
the  individual  rifleman,  a  platoon,  or  the  entire  company?  At  what 
level  is  feedback  best  provided  to  the  company  so  as  to  improve  per¬ 
formance? 

For  many  tasks,  and  particularly  for  combat  tasks,  it  has  become 
apparent  that  the  individual  soldier  is  often  an  inappropriate  unit  of 
analysis.  Instead,  especially  for  tasks  which  require  coordination  and 
cooperation  among  soldiers  and  for  which  success  Is  measured  for  the 
working  group  as  a  whole  rather  than  for  its  constituent  individuals, 
the  appropriate  unit  of  analysis  is  a  crew  numbering  from  two  to  ten 
Individuals.  This  small  group  will  be  the  “unit*’  of  the  following  review 
of  the  social  psychological  literature  on  the  predictors  and  concomi¬ 
tants  of  unit  performance. 


DEFINING  A  UNIT 

The  task  order  for  the  present  project  mandates  a  study  of  unit  per¬ 
formance,  where  that  term  is  taken  to  mean  the  aggregate  behavior  of 
personnel  within  a  unit.  This  excludes  an  assessment  of  equipment, 
weapons,  or  other  logistical  characteristics  associated  with  units. 
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Although  the  size  of  the  unit  is  not  defined,  it  is  implicitly  assumed  to 
be  the  smallest  coherent  aggregate  of  individual  personnel. 

Dyer  et  al.  (1980)  approached  the  problem  of  defining  Army  teams 
by  surveying  11  of  the  14  branches  of  the  Army.1  Experts  in  each  of 
these  branches  were  asked  to  identify  all  teams  within  their  branch 
and  characterize  those  types  of  teams  in  terms  of  their  size,  MOS  (Mil¬ 
itary  Occupational  Specialty)  of  members,  range  of  ranks  of  members, 
equipment,  activities,  and  whether  the  team  followed  established  (well- 
defined)  or  emergent  (reactive  to  the  environment)  practices  in  its 
work. 

A  team  for  Dyer  et  al.’s  purpose  was  defined  as  a  small  group,  from 
2  to  11  individuals  (although  some  teams  had  as  many  as  40  members), 
whose  roles  were  formally  defined  and  whose  tasks  required  at  least 
some  interdependence.  Care  was  taken  so  that  no  “team”  was  defined 
as  a  combination  of  units  each  of  which  was  itself  a  team.  A  total  of 
1248  species  of  team  were  defined  by  this  procedure,  which  were  col¬ 
lapsed  analytically  into  255  distinct  types,  which  in  turn  could  be  fit 
into  one  of  four  global  categories: 

•  Small  homogeneous  teams  led  by  enlisted  men 

•  Medium-sized  homogeneous  teams  led  by  enlisted  men 

•  Medium-sized  homogeneous  teams  led  by  senior  enlisted  men  or 
junior  officers 

•  Large  heterogeneous  teams  led  by  officers 

Homogeneity  and  heterogeneity  were  defined  by  the  number  of  distinct 
MOSs  in  the  team  and  by  the  range  in  rank  of  the  members.  Having 
identified  those  teams  through  TRADOC8  experts,  Dyer  et  al.  then  sur¬ 
veyed  140  different  units  throughout  FORSCOM  to  identify  training 
and  practical  needs  and  problems  of  teams;  some  of  these  data  are 
reported  below. 

Hall  and  Rizzo  (1975),  in  a  study  of  tactical  team  training  for  the 
U.S.  Navy,  followed  a  traditional  distinction  between  teams  and  small 
groups;  Teams  are  characterized  as  relatively  well  organized,  highly 
structured,  and  with  well-defined  formal  operating  procedures. 
Members  have  assignments  so  that  the  participation  of  any  one  person 
can  be  anticipated  by  the  other  members  of  the  team.  There  is  gen¬ 
erally  some  specialization  so  that  subunits  of  members  may  be  defined 
such  that  member  duties  across  subunits  do  not  overlap  to  any  great 
extent.  By  contrast,  small  groups  are  mors  diffuse,  have  loose  com¬ 
munication  networks,  and  depend  on  the  quality  of  independent  indi* 

‘Infantry,  Corps  of  Engineers,  Quartermaster  Corps,  Air  Defense  Artillery,  Field 
Artillery,  Amor,  Ordnance  Corps,  Signal  Corps.  Chemical  Corps,  Military  Police,  and 
Transportation  Corps. 

aSee  Acronyms,  p.  xv. 
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vidual  contributions  to  the  task.  Hall  and  Rizzo’s  analysis  fixed  four 
characteristics  of  a  Navy  tactical  team: 

•  It  is  goal-  or  mission-oriented.  That  is,  there  is  a  specific  objec¬ 
tive  for  the  team  to  achieve. 

•  It  has  a  formal  structure.  For  military  teams,  this  structure  is 
hierarchical  in  nature. 

•  Members  have  assigned  roles  and  functions. 

•  Interaction  is  required  among  team  members. 

This  definition  largely  coincides  with  Dyer  et  al.  (1980)  and  provides  us 
with  a  consensus  definition  of  a  unit  as  the  smallest  interacting  collec¬ 
tion  of  individuals  that  has  a  functional  identity. 


DEFINING  PERFORMANCE 

On  the  surface,  the  definition  of  group  performance  is  relatively  sim¬ 
ple:  winning  is  better  than  tying,  and  tying  is  better  than  losing.  In  a 
sports  competition,  for  example,  over  a  season  of  matches,  the  more 
wins,  the  better  the  team  has  performed.  Team  training  may  be  vali¬ 
dated  by  performance;  if  a  coach’s  techniques  produce  winning  teams, 
his  job  is  secure,  but  if  his  techniques  falter,  he  is  replaced.  Military 
team  performance  is  a  different  matter,  though,  for  in  recent  years, 
there  has  been  mostly  training,  and  little  battlefield  testing  to  deter¬ 
mine  group  performance.  That  this  is  a  major  military  problem  is  well 
recognized  (Hagan,  1981;  Madden,  1981);  therefore,  much  effort  has 
been  expended  to  construct  exercises  for  military  teams  that  provide 
measures  that  have  face,  content,  or  construct  validity  for  the  battle¬ 
field  tasks  that  might  eventually  have  to  be  performed. 

Ryan  and  Yates  (1977)  assessed  the  face  validity  of  Operational 
Readiness  Training  Tests  (ORTTs)  by  asking  the  soldiers  tested 
whether  they  felt  the  instrument  was  realistic  and  reflective  of  their 
performance.  Results  were  generally  positive  for  this  behavior-baaed 
system;  most  recommendations  about  how  to  improve  the  ORTT  pro¬ 
gram  were  in  the  direction  of  making  it  more  realistic  with  respect  to 
how  the  enemy  might  behave  in  combat.  However,  without  some  form 
of  control  for  the  type  of  instrument  whose  validity  is  being  assessed, 
this  positive  result  could  be  d  ie  to  general  cooperativeness  on  the  part 
of  respondents  or  other  similar  methodological  artifacts. 

Grunzke  (1978)  reported  on  an  automated  flight  training  system  per¬ 
formance  measurement  package  for  the  Air  Force,  and  found  that  out 
of  28  dependent  measures  on  the  scoring  format,  only  three  variables 
discriminated  between  student  and  operational  air  crews,  and  for  two 
of  those  measures,  the  students  had  a  superior  performance.  He 
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concludes  that  the  package  has  a  potential  to  provide  objectively  scored 
performance  measurement  for  crew  performance  and  to  provide  an 
information  feedback  tool  for  air  crew  training,  but  more  research  is 
needed  before  this  potential  can  be  realized. 

Obermayer  and  Vreuls  (1974)  and  Obermayer  et  al.  (1974)  have 
developed  a  detailed  crew  performance  measurement  system  for  the  Air 
Force,  in  which  each  phase  of  a  combat  flight  is  broken  down  into 
small  behavioral  segments  for  each  crew  member.  The  behavioral  seg¬ 
ments  are  then  evaluated  as  correct  or  incorrect.  For  purposes  of 
assessment  of  crew  performance,  summary  measures  may  be  con¬ 
structed,  whereas  for  training  feedback  purposes,  the  individual 
behavioral  evaluations  are  available  to  the  crew  members.  Such  a  sys¬ 
tem  clearly  depends  on  a  judicious  breakdown  of  behavior  and  the 
development  of  a  system  of  feedback  that  does  not  overload  the  cogni¬ 
tive  capacities  of  the  crewmen  in  training.  O’Brien  et  al.  (1979)  have 
provided  a  similar  breakdown  for  assessing  tank  crew  performance  on 
the  M60A1  tank.  As  before,  behaviors  of  the  individual  tank  crew 
members  are  assessed  at  a  micro  level  in  a  way  that  can  be  reliably 
measured  by  experienced  raters.  The  technique  has  the  distinct  advan¬ 
tage  of  realizing  little  subjective  estimation,  but  is  validated  on  its  face 
rather  than  in  comparison  with  any  battle-tested  indicators.  If  the 
constructors’  theories  of  what  constitutes  good  performance  are  correct, 
then  the  test  exercise  scores  are  valid  and  useful;  if  not,  then  it  is  not 
clear  what  the  test  is  measuring. 

Turney  and  Cohen  (1981)  and  Turney  et  al.  (1981)  have  attempted 
to  define  good  Navy  team  performance  by  surveying  the  literature  of 
good  information  transfer  skills  and  developing  from  this  survey  indi¬ 
cators  of  coordination  skill.  Their  review  led  to  the  conclusion  that  the 
team  skill  of  coordination,  whether  arrived  at  because  of  superior  team 
member  characteristics  or  because  of  how  the  group  was  structured, 
was  the  important  determinant  of  team  achievement  for  a  variety  of 
team  tasks.  They  have  some  recommendations  of  what  is  good  and 
what  is  bad  performance  in  this  regard,  but  have  not  yet  constructed 
evaluation  instruments  specific  to  any  particular  Navy  task. 

Several  investigators  have  advocated  detailed  objective  scoring  of 
task  segments  in  training  evaluations.  Havron  et  al.  (1979)  argue  that 
engagement  simulation  techniques  are  not  only  superior  as  training 
techniques  (see  below),  but  also  provide  more  objective  evaluation  cri¬ 
teria  for  team  performance.  Evaluators  in  engagement  simulation  exer¬ 
cises  classify  in  detail  the  various  tasks  performed  by  the  unite  and 
provide  numerical,  objective  ratings  instead  of  more  global  summary 
evaluations  that  arise  out  of  earlier  training  processes.  Similarly, 
Knerr  et  al.(1979)  specify  such  variables  as  casualty  exchange  ratios, 
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mission  accomplished  scores,  and  extensive  usage  of  process  measures, 
especially  employing  computerized  and  other  highly  technological  train¬ 
ing  tools  (e.g.,  MILES)  to  provide  more  objective  evaluations  of  train¬ 
ing  exercises.  They  argue  that  the  present  databases  are  not  being  util¬ 
ized  as  fully  as  they  might  be,  and  more  data  from  individual 
behavioral  segments  is  needed.  Madden  (1981)  complains  that  there  is 
a  lack  of  coordination  between  evaluation  exercises  and  the  training 
programs,  which  leads  to  poor  performance  because  units  are  not 
trained  to  do  what  is  required  of  them.  He  argues  for  a  more 
integrated  development  of  training  and  evaluation  systems  instead  of 
the  present  incremental  pace  of  change. 

Hagan  (1981)  summarized  thinking  about  the  problem  of  measuring 
team  performance  by  noting  that  evaluation  is  intimately  tied  up  with 
training.  As  units  are  trained  for  particular  tasks,  to  must  evaluation 
processes  be  tied  to  those  tasks.  Then  dissatisfaction  with  the  evalua¬ 
tion  instruments  must  lead  back  to  the  training  system  from  which 
they  arose  and  cause  changes  in  that  system,  which  in  turn  lead  to 
changes  in  evaluation  procedures.  He  discusses  how  this  has  been 
manifested  in  the  development  of  ARTEP  as  a  training,  feedback,  and 
evaluation  device,  illustrating  both  its  successes  and  failures. 

All  of  the  articles  cited  above  have  emphasized  the  importance  of 
objectively  defined  measures  of  performance  as  opposed  to  subjective 
global  evaluations  by  an  expert  or  superior  officer.  This  emphasis  is 
consistent  with  a  well-established  finding  within  psychology  that 
“objective”  predictors  do  a  better  job  than  “subjective”  or  “clinical” 
predictors  for  a  variety  of  areas  ranging  from  prognosis  of  mentally  ill 
patients  to  predicting  performance  in  psychology  doctoral  programs. 
Even  acknowledged  experts  who  “feel”  that  they  can  best  know  a  per¬ 
son  through  an  interview  are  outperformed  by  relatively  simple  linear 
regression  models  based  on  objective  predictors. 

Perhaps  one  reason  for  the  superiority  of  objective  ratings  is  that 
subjective  evaluations  are  biased  by  impressions  of  effort,  rather  than 
being  pure  measures  of  achievement.  Indications  that  this  may  be  the 
case  come  from  studies  of  the  attribution  of  success  and  failure  in 


sports  competition.  Iso-Ahola  (1976)  shows  that  sports  teams  were  dif¬ 
ferentially  rewarded  or  punished  more  on  the  perceived  effort  expended 
than  on  their  actual  outcome.  High  effort  was  rewarded  no  matter 


what  outcome  obtained  or  how  capable  the  team  was  perceived  as 
being.  On  the  other  hand,  low  effort  was  punished,  especially  when  a 
high-ability  team  barely  won,  or  worse,  lost.8  Bird  and  Bratne  (1978) 

°Low-ability  teams  wen  not  punished  as  savarsly  for  lack  of  sffort;  presumably  whan 
fsosd  with  futility,  (Wing  up  is  permissible. 
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indicate  that  members  of  losing  teams  may  separate  their  own  evalua¬ 
tion  from  that  of  the  group,  adopting  an  “I’m  O.K.,  but  the  team’s  so- 
so”  attitude  in  which  their  own  effort  is  seen  as  greater  than  the  collec¬ 
tive  effort  of  the  team.  That  is,  winning  teams  try  harder,  but  losing 
players  try  harder  than  their  teams.  Because  of  this  additional  effort, 
their  personal  evaluations  of  outcome  are  not  as  bleak  as  those  for  the 
team. 

No  corresponding  studies  of  the  commingling  of  effort  and  perform¬ 
ance  were  found  for  studies  of  military  performance,  but  the  folklore 
on  the  value  of  effort,  plus  decades  of  evidence  in  other  arenas,  sug¬ 
gests  that  the  contemporary  emphasis  on  objective  performance  meas¬ 
ures  is  well-placed.  Therefore,  this  review,  and  our  suggestions  for 
future  research,  will  focus  on  objective  performance  measures. 

Once  performance  measures  are  obtained,  the  question  of  how  to 
treat  them  appropriately  arises.  In  particular,  attention  must  be  paid 
to  the  reliability  of  a  performance  measure  (how  consistent  is  thr  meas¬ 
ure)  and  the  validity  of  the  measure  (to  what  extent  does  the  perform¬ 
ance  measure  assess  the  qualities  it  purports  to  assess).  These  are 
technical  questions  which  are  applied  when  appropriate  to  the  individ¬ 
ual  studies.  In  addition,  we  have  written  a  prescriptive  essay  to  guide 
future  research  efforts  to  reliable  and  valid  unit  performance  measures; 
this  essay  is  an  Appendix  to  the  present  review. 


DEFINING  GROUP  TASKS 

A  study  was  eligible  for  inclusion  in  this  review  if  it  reported  on  a 
group  that  produced  a  group  score.  Moreover,  all  group  members  had 
to  know  that  they  were  members  of  the  group  and  supposed  to  be 
working  toward  a  group  goal.  This  criterion  ruled  out  studies  in  which 
group  members  were  unaware  that  the  group  was  being  evaluated  on  its 
achievement  of  a  collective  task. 

Even  restricting  the  research  to  tasks  with  known  group  goals,  the 
variety  of  tasks  is  large.  The  tasks  can  be  grouped  in  four  categories 
according  to  the  amount  of  interdependence  required  among  group 
members,  whether  members  performed  the  same  task  or  different  sub- 
tasks,  and  whether  the  activities  of  each  member  were  specified  by  the 
task  requirements. 

In  the  first  category  are  tasks  that  required  no  interaction  among 
group  members.  These  tasks  qualify  as  group  tasks  only  hecause  group 
members  worked  toward  the  same  goal.  In  one  example,  group 
members  built  models  of  molecules  individually;  the  group’s  score  was 
based  on  the  total  number  built  (Hewett  et  al.,  1974),  In  another 


13 


study,  group  members  sat  at  separate  consoles  and  pressed  buttons  in 
response  to  certain  light  stimuli;  the  group  earned  a  point  when  a 
prespecified  number  of  group  members  reacted  within  a  certain  time 
interval  (Zqjonc,  1962).  Marksmanship  scores  that  are  a  sum  of  indi¬ 
vidual  performance  scores,  or  armor  company  scores  that  are  a  sum  of 
individual  unit  proficiencies  are  other  examples  of  this  kind  of  task. 

Second  are  tasks  that  required  division  of  labor.  These  tasks 
required  each  group  member  to  work  on  a  different  subtask,  but  the 
subtasks  formed  one  group  product  which  was  then  evaluated.  One 
example  is  building  a  chart  using  data  given  to  the  group,  wherein 
group  members  were  assigned  different  sections  of  the  chart  (O'Brien 
and  Owens,  1969).  Another  is  the  surveying  task  of  Terborg,  Caatore, 
and  DeNinno  (1976),  in  which  one  member  of  a  triad  worked  the 
plumb  line,  another  operated  the  transit,  and  the  third  wrote  the 
results.  In  these  tasks,  group  members  interacted  only  to  combine  the 
products  or  results  of  the  separate  subtasks.  Within  the  military,  tasks 
of  this  type  typically  are  formulated  on  large  organizational  levels  of 
analysis,  such  as  a  movement  of  infantry  forces  after  an  artillery  bar¬ 
rage  in  a  single  operation.  The  infantry's  success  is  conditional  on  the 
quality  of  the  artillery’s  performance,  but  the  two  do  not  interact. 

In  the  third  category  are  tasks  that  required  interdependence  by  all 
group  members.  These  tasks  could  not  be  performed  without  the  coor¬ 
dination  of  all  group  members.  A  good  example  is  the  motor  maze  task 
used  in  Gill's  (1979)  study,  in  which  members  of  a  dyad  operated  dif¬ 
ferent  controls  that  tilted  the  maze  board.  In  another  study,  different 
group  members  operated  different  controls  in  a  model  railroad  (Ghiselli 
and  Lodahl,  1958).  This  category  is  possibly  the  most  relevant  to  mili¬ 
tary  units  such  as  tank  crews,  in  which  crew  members  must  coordinate 
their  efforts  to  achieve  success.  Within  the  civilian  literature  most 
examples  come  from  sports  teams,  such  as  basketball,  volleyball,  or  ice 
hockey  units. 

Finally  are  tasks  that  called  for  collaboration  by  all  group  members 
but  in  which  groups  were  free  to  pool  resources  in  any  way  they  chose. 
Most  of  the  studies  used  this  kind  of  task.  Several  examples  include 
writing  Army  recruiting  letters  (O’Brien  and  Owens,  1969),  intellectual 
problem-solving  (Triandis,  Hall,  and  Ewen,  1965),  creative  writing 
(Sorenson,  1973),  group-taking  of  intelligence  tests  (Laughlin  and 
Branch,  1972),  decisionmaking  (Lampkin,  1972),  brainstorming 
(Bouchard,  1972),  and  designing  computer  systems  (Hill,  1975). 
Theoretically,  all  group  members  may  participate  if  they  choose,  but 
the  task  can  often  be  completed  by  one  person  or  by  a  subset  of  group 
members. 
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The  major  division  among  these  four  categories  of  tasks  is  between 
the  second  and  third  types,  and  corresponds  to  the  distinction  made  in 
the  team  sports  literature  (Bird,  1978;  Gruber  and  Gray,  1981;  Landers 
et  al.,  1981;  Landers  and  Lueschen,  1974;  Widmeyer  and  Martens, 
1978)  between  coacting  and  interacting  tasks.  An  interactive  task  is 
one  which  requires  group  members  to  actually  work  together  and  coor¬ 
dinate  their  efforts  in  order  to  reach  a  group  goal.  For  example, 
although  a  single  player  actually  crosses  the  goal  line  to  score  in  foot¬ 
ball,  this  act  is  largely  impossible  without  the  coordinated  effort  of  the 
other  10  team  members.  In  contrast  \<o  this  is  a  coacting  task,  where 
the  members  have  a  common  goal  (team  victory),  but  where  their  con¬ 
tributions  are  more  individual  and  less  differentiated  in  nature.  For 
example,  members  of  a  golf  team  or  marksmanship  team  coact.  The 
distinction  is  not  a  discrete  one;  many  tasks  are  intermediate  on  this 
continuum.  For  example,  on  a  baseball  team,  batting  is  a  coactive 
task,  but  fielding  is  largely  interactive.  Most  military  tasks,  especially 
in  combat  units,  may  be  classified  as  interacting;  Hall  and  Rizzo  (1975) 
specifically  require  interaction,  although  Dyer  et  al.  (1980)  do  not  in 
their  respective  definitions  of  team  tasks.  Certainly  the  tasks  of 
members  of  an  armor  team,  with  the  division  of  labor  into  command¬ 
ing,  driving,  gunnery,  and  loading,  is  interactive,  but  rifiery,  albeit  with 
some  specialization,  has  elements  of  coactiveness  as  it  can  depend  to  a 
large  extent  on  the  individual  independent  performance  of  its  members. 

The  abundance  of  loosely  defined  collaborative  tasks  in  the  litera¬ 
ture  on  predicting  group  performance  makes  it  difficult  to  interpret 
results  unless  the  degree  of  interactiveness  of  the  task  is  known. 
Because  the  relations  between  group  performance  and  either  individual 
characteristics  (e.g.,  member  ability  and  personality)  or  group  charac¬ 
teristics  (e.g.,  group  composition  on  the  basis  of  proficiency  or  atti¬ 
tudes)  and  group  performance  depend  on  the  task  requirements  for 
interdependence  among  group  members,  results  are  often  ambiguous. 
In  discussing  the  results  of  research  on  predictors  of  group  perform¬ 
ance,  therefore,  considerable  detail  about  the  group  tasks  is  given  to 
identify  the  degree  of  interactiveness  as  much  as  possible.  In  general, 
we  will  concentrate  on  interacting  tasks  which  are  characterized  by 
aiming  at  a  common  goal  to  which  all  members  aspire,  by  a  division  of 
labor  among  members,  and  by  the  requirement  of  coordinated  effort 
among  members. 


III.  PREDICTING  GROUP  PERFORMANCE  FROM 
CHARACTERISTICS  OF  INDIVIDUALS 


We  begin  at  the  most  microscopic  level  of  analysis,  looking  at  the 
characteristics  of  individuals  that  are  predictive  of  the  performance  of 
groups  containing  those  individuals.  The  individual  characteristics 
used  to  predict  group  performance  include  general  ability,  task  profi¬ 
ciency,  and  personality  characteristics.  In  determining  best  predictors, 
studies  have  used  a  variety  of  data  reduction  techniques  to  obtain  an 
ability  score  to  correlate  with  group  performance  measures.  Among  the 
scores  used  have  been  the  ability  or  proficiency  of  the  most-able  group 
member,  the  least-able  member,  the  mean  ability  of  members,  and  the 
ability  of  a  centrally  located  member. 

Each  of  these  measures  is  an  index  of  individual  characteristics  in 
the  group,  as  opposed  to  an  index  of  the  mix  of  characteristics  over 
unit  members.  Our  immediate  interest  is  in  the  contribution  of  indi¬ 
viduals  such  as  the  most-able  and  least-able  member,  with  some  atten¬ 
tion  paid  to  the  contribution  of  the  “average”  member,  as  measured  by 
the  mean  or  sum  of  individual  scores.  The  mix  of  characteristics  will 
be  considered  in  Sec.  V,  including  a  closer  look  at  group  means  and  an 
examination  of  homogeneous  vs.  heterogeneous  groups.  Although 
correlations  between  predictors  and  performance  were  often  fairly  high, 
the  specific  patterns  of  correlations  for  the  various  ability  indices  differ 
across  studies. 


GENERAL  ABILITY 

Although  we  would  expect  the  general  ability  of  group  members  to 
be  positively  related  to  the  performance  of  the  group  (see,  e.g.,  Hare, 
1976;  Bass,  1980),  the  strength  of  the  relationship  seems  to  depend  on 
the  characteristics  of  the  group  task.  O’Brien  and  Owens  (1969)  cite 
two  studies  that  distinguished  among  different  kinds  of  task  require¬ 
ments.  These  studies  examined  the  correlation  between  member  abil¬ 
ity  and  group  performance  for  both  “collaborative”  and  “coordinated” 
organizational  structures.  A  task  was  collaborative  if  all  group 
members  worked  together.  In  a  coordinated  task,  group  members  were 
instructed  to  work  on  separate  subtasks.  In  our  own  terminology, 
these  would  be  interactive  and  coactive  tasks,  respectively.  One  study 
used  Australian  army  soldiers  assembled  in  four-person  groups  to  write 
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recruiting  letters  (interactively)  and  to  construct  charts  showing  the 
results  of  examinations  given  at  military  schools  during  earlier  years 
(coactively).  The  second  study  was  a  laboratory  task,  in  which  three- 
person  groups  wrote  stories  from  Thematic  Apperception  Test  (TAT) 
pictures.  In  the  interactive  condition,  all  group  members  worked 
together  on  each  story,  whereas  in  the  coactive  condition,  each  member 
worked  on  a  story  for  20  minutes  and  passed  his  story  to  the  next  per¬ 
son.  In  a  third,  mixed  condition,  group  members  worked  together  for 
15  minutes  and  then  rotated  as  in  the  coactive  condition.  The  ability 
measure  used  in  the  first  study  was  the  Army  General  Classification 
Test  (GCT),  and  in  the  second  study  was  the  American  College  of 
Testing  subtest  on  English. 

O’Brien  and  Owens  correlated  group  performance  on  each  task  with 
different  group  ability  measures,  including  the  sum  of  abilities  within 
the  group,1  the  ability  of  the  least-able  member,  the  ability  of  most- 
able  member,  and  the  ability  of  the  group  leader  (the  leader  in  the 
Army  study  was  the  member  with  highest  rank;  the  leader  in  the 
laboratory  study  was  appointed  by  the  experimenters).  In  the  Army 
coactive  task,  the  first  three  ability  indices  (sum,  lowest,  and  highest) 
were  significantly  associated  with  group  performance  (correlations 
ranged  from  0.48  to  0.58).  In  the  laboratory  coactive  and  mixed  tasks, 
only  the  sum  and  lowest  scores  were  related  to  group  performance 
(correlations  ranged  from  0.49  to  0.56).  Over  all  coactive  tasks,  then, 
general  ability  accounted  for  between  23  and  33  percent  of  the  varia¬ 
tion  in  group  performance  scores.  For  none  of  the  interactive  tasks  in 
either  study  was  ability  significantly  related  to  group  performance.  A 
possible  explanation  for  this  finding  lies  in  the  way  unit  members  may 
organize  themselves  in  coactive  and  interactive  tasks.  In  the  coacting 
tasks,  since  all  group  members  had  to  contribute  to  the  task,  group  per¬ 
formance  was  in  part  determined  by  the  abilities  of  all  members, 
including  the  least-able  member;  no  one  person  could  cause  the  quality 
of  the  group  product  to  be  high.  By  contrast,  in  the  interacting  tasks, 
groups  were  free  to  combine  their  talents  any  way  they  chose. 
Although  the  investigators  did  not  discuss  this  possibility,  perhaps 
some  groups  in  the  collaborative  condition  depended  on  the  efforts  of 
the  ablest  member  if  that  person  was  very  superior,  whereas  others 
used  the  collaborative  efforts  of  all  group  members.  If  different  groups 
each  selected  their  most  efficient  strategies  to  perform  their  tasks,  then 
the  observed  nonsignificant  correlation  between  ability  and  group  per¬ 
formance  would  result.2 


‘Ths  turn  of  abilities  and  maan  ability  art  equivalent  etatietioe  if  the  group  eiae  ie 
held  constant,  aa  is  the  case  in  most  experimental  studies. 

aIn  the  language  of  Living  8ystems  Theory,  there  is  equiflnality  among  strategies;  put 
more  commonly,  there  is  more  than  one  way  to  skin  a  cat. 
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Turning  to  military  studies,  there  have  been  several  attempts  to 
assess  how  individual  ability  affects  unit  performance.  These  studies 
are  all  similar  in  that  they 

1.  Measure  the  contribution  of  specified  individuals  (e.g.,  tank 
commander)  on  unit  (e.g.,  tank)  performance, 

2.  Do  not  measure  the  joint  effectiveness  of  two  or  more 
members,  much  less  how  ability  mixes  affect  joint  perform¬ 
ance,  and 

3.  Differ  from  each  other  largely  on  the  choice  of  what  is  used  to 
predict  performance.  The  most  popular  indicator  of  ability 
used  to  assess  performance  has  been  the  Armed  Services 
Vocational  Aptitude  Battery  (ASVAB),  administered  routinely 
to  all  recruits  for  ten  years. 

Black  (1980)  used  a  composite  of  ASVAB  scores  called  CO  (for  com¬ 
bat  potential)  to  attempt  to  predict  the  performance  of  gunner/loader 
and  driver  performance  during  training  and,  later,  exercise  performance 
of  tank  crews.  Performance  quality  was  measured  by  summing  dichot¬ 
omous  correct/incorrect  evaluations  of  the  subtasks  involved  in  taking 
a  tank  through  a  field  exercise.  Black  found  that  the  CO  measure 
predicted  success  for  gunner/loaders  and  drivers  while  they  were  in 
training,  but  that  when  more  experienced  men  were  tested,  there  were 
no  differences.  A  likely  explanation  of  this  finding  is  that  CO,  which 
has  a  number  of  cognitive  components,  is  an  indicator  of  the  speed  of 
learning.  During  training,  unit  members  with  high  CO  scores  will  learn 
faster,  and  therefore  perform  better,  than  members  with  low  CO  scores. 
However,  with  experience,  most  unit  members  reach  a  competency 
level  of  acceptable  performance  (as  emphasized  by  the  dichotomous 
nature  of  the  performance  measure  components),  and  the  differences 
vanish.  Were  the  performance  measures  to  be  more  finely  graded,  the 
differences  due  to  CO  might  be  detectable. 

Maitland  (1980)  and  Maitland,  Eaton,  and  Neff  (1980)  also  used  the 
ASVAB  to  predict  the  performance  of  tank  gunners  and  drivers.  Mait¬ 
land  (1980)  used  the  entire  battery  of  ASVAB  scores  to  predict  per¬ 
formance  defined  as  successfully  accomplishing  subtasks  involved  in 
firing  the  main  gun,  driving  the  tank,  and  other  MOS-specific  tasks 
required  in  tank  exercises.  Separate  multiple  regressions  were  done  for 
130  driver  trainees  and  205  gunner/loader  trainees.  For  drivers,  the 
ASVAB  measures  of  numerical  operations,  arithmetic  reasoning,  auto¬ 
motive  information,  and  electronics  were  retained,  whereas  for  gunner 
trainees,  word  knowledge,  mathematics  knowledge,  and  mechanical 
comprehension  were  used.  These  sets  are  a  partial  overlap  with 
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Black’s  (1980)  CO  score.  For  each  crew  specialty,  a  unit  weighting 
scheme  was  used  where  the  individual’s  standardized  scores  (z-scores) 
for  each  of  the  items  in  the  equation  were  summed  to  produce  a  single 
composite.  “Validities”  (meaning  multiple  correlations)  were  in  the 
high  20s  for  both  prediction  equations,  which  indicates  statistically  sig¬ 
nificant  but  relatively  moderate  associations.  Maitland  et  al.  (1980) 
report  on  retests  of  the  predictors  over  time.  The  predictors  were  valid 
for  a  retest  of  trainees  soon  after  the  first  testing  period,  and  were 
similarly  valid  for  a  group  of  former  trainees  tested  at  a  later  stage  of 
their  training.  But  a  cross-validation  based  on  experienced  crewmen 
showed  a  considerable  weakening  of  the  predictors’  validity,  a  finding 
that  is  similar  to  that  found  by  Black  (1980)  as  reported  earlier,  and 
probably  attributable  to  the  same  phenomena. 

Eaton  (1978a)  administered  a  battery  of  paper  and  pencil  instru¬ 
ments  to  members  of  51  tank  crews  assembled  for  annual  qualification 
tests.  Performance  scores  for  tank  commanders  and  gunners  were 
based  on  objective  Table  VIII3  test  results,  but  for  drivers  were  based 
on  subjective  rankings  by  platoon  leaders.  Each  dependent  variable 
from  the  test  was  used  separately  in  a  multiple  regression  test.  Eaton 
explicitly  acknowledges  the  problems  arising  from  the  low  sample  size 
to  predictor  ratios  he  employed.  Overall,  some  of  the  predictors  were 
statistically  significant,  but  even  for  these  it  is  not  dear  how  the  meas¬ 
ures  contribute  to  unit  performance  variance,  or  what  they  imply  for 
improved  training  or  recruitment  measures.  For  tank  commanders, 
successful  predictors  included  tests  of  object  completion,  pattern  recog¬ 
nition,  and  mechanical  abilities;  these  combined  to  predict  half  of  the 
variance  in  the  number  of  successful  engagements  in  a  Table  VIII  run; 
other  regressions  were  not  significant.  For  gunners,  although  no  multi¬ 
ple  regressions  were  statistically  significant,  Eaton  indicates  that  visual 
recognition  is  related  to  first-round  hits  and  that  lateral  perception  and 
attention  to  detail  appear  to  predict  the  amount  of  time  spent  per 
engagement.  For  drivers,  nothing  appeared  to  predict  performance 
well. 

Eaton,  Bessemer,  and  Kristiansen  (1979)  used  ASVAB  scores  plus 
paper  and  pencil  measures  to  predict  driving  and  gunnery  performance 
of  armor  crews.  Their  objective  was  to  obtain  measures  that  indicate 
whether  a  recruit  will  best  be  trained  as  a  gunner/loader  or  a  driver.4 
In  the  first  phase  of  the  project,  multiple  regression  techniques  were 
used  to  predict  driving  and  gunnery  performance  of  recruits.  Several 
variable  sets  were  found  that  were  good  predictors.  However,  in  a 


*TablM  VI  «nd  VIII  an  Amy  field  teata  for  tank  crtwt. 

♦These  taaka  hava  raoantly  baas  assigned  asperate  MOB  designations. 
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cross-validation  on  a  second  sample,  no  replication  of  the  findings  were 
found  except  that  the  automotive  comprehension  score  of  the  ASVAB 
was  related  to  driving  performance.  Finally,  using  experienced  crews  in 
Germany  taking  a  Table  VIII  annual  exercise,  none  of  the  predictors 
successfully  accounted  for  performance.  Eaton  et  al.  (1979)  conclude 
that  their  present  paper  and  pencil  tests  do  not  predict  performance, 
and  that  other  measures  must  be  sought. 

In  summary,  then,  a  sharp  contrast  exists  between  civilian  and  com¬ 
bat  military  tasks  when  performance  is  predicted  from  general  ability. 
This  contrast  is  partly  due  to  a  more  methodologically  sophisticated 
approach  on  the  civilian  side,  but  could  also  be  attributable  to  the 
nature  of  the  tasks  employed  in  the  research  studies. 

The  military  tasks  surveyed  have  been  field  performance  measures, 
involving  physical  and  spatial  skills  as  well  as  cognitive  ones.  Addi¬ 
tionally,  these  tasks  had  high  saliency  for  the  soldiers,  whose  evalua¬ 
tions  (and  hence  salaries,  promotions,  and  possibly  even  careers)  were 
on  the  line.  In  contrast,  the  civilian  tasks  were  self-defined  experi¬ 
ments  of  no  intrinsic  value  to  unit  members,  and  involved  only  cogni¬ 
tive  skills.  Even  so,  the  O’Brien  and  Owens  (1969)  studies  suggest  that 
when  all  group  members  contribute  to  the  task,  group  performance  will 
depend  on  the  ability  of  all  of  the  group  members,  including  the  least- 
able  member.  However,  when  group  members  are  not  instructed  how 
to  combine  their  resources,  no  prediction  can  be  made.  The  military 
tasks  investigated  are  all  interactive,  but  we  do  not  have  any  indication 
of  any  long-term  contribution  of  general  ability  to  performance  for  the 
tasks  examined.  We  recommend  that  studies  examining  performance 
as  a  function  of  combined  crew  member  abilities  be  undertaken,  and 
that  the  range  of  military  tasks  studied  be  expanded. 


INDIVIDUAL  TASK  PROFICIENCY  PRIOR  TO 
TEAMWORK 

A  number  of  studies  have  used  proficiency  of  individual  group 
members  on  the  task,  rather  than  measures  of  general  ability,  as  the 
predictor  of  group  performance.  The  problem  with  such  studies  is  that 
the  importance  of  individual  performance  may  be  quite  task-specific,  so 
that  no  generalization  over  tasks  is  possible  and  separate  assessments 
must  be  made  for  any  new  task.  The  tasks  used  in  civilian  studies 
include  maze  problems  (Gill,  1979$  Rohde,  1968;  Meister,  1976),  the 
Purdue  Pegboard  Test  (Comrey,  1963),  jigsaw  puzzles  (Wiest,  Porter, 
and  Ghiselli,  1961),  crossword  puzzles  (Comrey  and  Staats,  1966),  and 
light-switching  (Egerman,  1966;  Klaus  and  Glaser,  1966).  The  motor 
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maze  task  used  by  Gill  (1979,  p.  115)  serves  as  a  good  example  of  an 
interactive  task: 

The  object  of  the  task  is  to  move  a  steel  ball  through  the  maze  as 
quickly  as  possible  while  avoiding  numerous  c ul-de-cacs.  To  move 
the  ball  through  the  maze  the  person  operates  two  handles  located  on 
adjacent  sides  of  the  maze  that  tilt  the  maze  board  forward  and  back¬ 
ward  and  side-to-side,  respectively. . . . 

For  the  [interactive]  group  task  each  of  the  two  group  members  used 
one  handle  of  a  single  maze.  The  task  required  maximum  collabora¬ 
tion  because  the  two  handles  must  be  operated  together  to  suc¬ 
cessfully  negotiate  the  maze. 

The  performance  measure  was  the  time  taken  to  complete  the  maze. 
In  the  Purdue  Pegboard  Test,  dyads  assembled  towers  of  pegs,  washers, 
and  collars:  member  A  inserted  the  peg  in  a  hole,  member  B  placed  a 
washer  over  the  peg,  member  A  placed  a  collar  over  the  washer,  and 
member  B  placed  a  second  washer  over  the  collar.  Group  members 
alternated  assignments  on  each  assembly.  The  number  of  completed 
assemblies  was  the  performance  measure.  In  the  light-switching  task, 
members  of  a  dyad  had  to  press  a  light  switch  for  either  two  seconds  or 
four  seconds  for  each  of  several  stimulus  light  patterns.  Although  each 
group  member  had  a  separate  control  panel,  the  team  did  not  score  a 
point  until  both  group  members  gave  an  accurate  response.  The  group 
performance  measure  was  the  number  of  points  earned  in  a  specified 
amount  of  time. 

In  all  of  these  studies,  group  members  learned  the  task  as  individu¬ 
als  before  working  as  a  team.  Individual  proficiency  was  determined 
during  a  test  period  following  training. 

The  results  showed  three  seemingly  contradictory  patterns.  First, 
Gill  (1979),  using  the  motor  maze  tajk,  found  that  the  pregroup  profi¬ 
ciency  of  the  slower  member  of  the  pair  significantly  predicted  group 
performance  (correlations  across  experiments  ranged  from  0.50  to 
0.71),  but  the  pregroup  proficiency  of  the  faster  member  did  not  predict 
group  performance  (correlations  were  near  zero).  Second,  Comrey 
(1953,  pegboard  test)  and  Wiest  et  al.  (1961,  jigsaw  puzzles)  and  Com¬ 
rey  and  Stoats  (1956,  crossword  puzzles)  reported  significant  correla¬ 
tions  between  all  measures  of  proficiency,  including  the  pregroup  score 
of  the  most  proficient  member,  the  pregroup  score  of  the  least  profi¬ 
cient  member,  and  the  sum  of  the  scores  in  a  group  (correlations 
ranged  from  0.56  to  0.79).  Third,  Rohde  (1958,  maze  task)  found  that 
the  proficiency  of  the  most-able  member  and  the  sum  of  the  proficien¬ 
cies  of  the  three  members  of  the  group  predicted  group  performance 


(correlations  w  0.63),  but  the  p*  tfv{ev\cy  of  the  least-able  member 
did  not  predict  g.  performance. 

Klaus  and  Gbs'\*  (1965)  formed  homogeneous  groups  (high,  medium, 
low)  using  the  level  of  proficiency  of  individual  members  on  a  light¬ 
switching  task,  as  in  the  studies  described  above.  They  also  used  speed 
of  learning  (fast,  slow)  as  a  factor  in  their  design.  Pregroup  level  of 
proficiency  predicted  group  performance,  but  speed  of  learning  did  not. 
Therefore,  what  mattered  was  an  individual's  final  level  of  attainment 
before  group  work,  not  the  time  taken  to  reach  that  level.  This  finding 
would  also  explain  the  generally  poor  predictability  of  general  ability  in 
the  armor  studios.  Tank  crews  are  not  randomly  selected  individuals, 
but  are  instead  screened  before  training  so  that  they  constitute  a  set  of 
people  believed  able  to  attain  proficiency  in  the  tasks  they  are  trained 
to  perform.  They  thus  form  an  attenuated  group  with  a  restricted 
range  of  ability.  Within  that  range,  ability  does  not  predict  perform¬ 
ance,  even  though  the  relationship  might  be  important  over  the  entire 
range  of  ability. 

Two  studies  from  sports  psychology  have  examined  team  perform¬ 
ance  as  a  function  of  the  abilities  of  individual  team  members.  Wid- 
moyer,  Loy,  and  Roberts  (1979)  examined  the  contribution  of  the  abil¬ 
ity  of  each  individual  to  the  success  of  doublet  tennis  teams.  Only 
nine  players  were  considered,  and  individual  ability  was  assessed  by 
raters,  which  qualify  the  results.  But  the  nine  players  formed  33  (out 
of  a  logically  possible  36)  different  teams,  and  many  matches  contribu¬ 
ted  to  the  data.  Through  multiple  regressions  on  the  dichotomous 
win/lose  dependent  variable,  the  combined  ability  of  both  players 
accounted  for  29  percent  of  the  variance,  indicating  that  it  was  a  major, 
but  not  decisive  factor. 

Jones  (1974)  examined  archival  data  on  professional  sports  teams  to 
assess  the  contribution  of  ability  to  team  outcome  for  tennis,  football, 
baseball,  and  basketball.  His  measures  differed  widely  over  sports.  For 
tennis,  he  used  the  United  States  Lawn  Tennis  Association  rankings  of 
singles  players  to  predict  the  same  organization’s  rankings  of  doubles 
teams,  assuming  the  ranking  was  intervally  scaled.  For  football,  he 
abandoned  individual  measurement  and  calculated  separately  the  qual¬ 
ity  of  the  offensive  and  defensive  units  of  National  Football  League 
teams  on  the  basis  of  points  scored  and  points  given  up  to  predict 
won/lost  records.  For  baseball,  a  technique  similar  to  football  using 
pitching  earned  run  average  as  the  defensive  measure  and  team  batting 
average  as  the  offensive  measure  was  used  to  assess  major  league 
teams.  Finally,  in  basketball,  the  productivity  of  the  best  five  men  on 
National  Basketball  Association  teams  was  employed.  For  each  of  the 
four  sports  examined,  a  linear  sum  of  ability  was  a  good  predictor  of 
outcome;  the  proportion  of  variance  accounted  for  ranged  from  36  to  90 
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percent.  The  ralation&hip  was  strongest  for  baseball  and  weakest  for 
basketball. 

One  study  of  tank  crew  performance  employed  job-specific  predictors 
of  ability.  Eaton,  Johnson,  and  Black  (1980)  attempted  to  improve 
predictability  of  performance  by  moving  from  paper  and  pencil  predic¬ 
tors  to  job  samples.  Two  tasks  were  employed  as  predictors,  the  first  a 
tracing  procedure  where  subjects  had  to  use  vertical  and  horizontal 
controls  on  a  terminal  to  move  a  cursor  through  a  figure  on  the  screen 
without  crossing  the  figure’s  boundaries.  Two  figures,  a  diamond  and  a 
circle,  were  originally  used,  but  tracing  only  the  diamond  (much  the 
easier  task)  eventually  was  retained  as  the  indicator  of  performance. 
Two  measures  were  employed,  the  time  to  trace  the  diamond  and  the 
number  of  errors  (cursor  outside  of  the  boundary)  produced.  The 
second  was  a  sensing  task,  where  subjects  were  requested  to  locate 
where  a  round  had  landed  on  a  picture  simulating  a  firing  of  the  main 
gun.  In  a  sample  of  47  experienced  gunners/loaders,  it  was  found  that 
the  error  scores  on  the  diamond  tracing  task  successfully  predicted  per¬ 
formance  on  a  Table  VI  gunnery  exercise.  Eaton  et  al.  (1980)  then 
replicated  these  findings  using  24  gunner  trainees  who  had  recently 
graduated  from  the  training  course.  Again,  errors  in  diamond  tracing 
predicted  gunnery  scores  of  the  tank,  including  total  hits,  first-round 
hits,  second-round  hits,  and  moving  target  hits.  In  this  replication, 
tank  drivers  were  also  tested,  and  it  was  found  (contrary  to  expecta¬ 
tions)  that  they  did  not  fare  worse  on  these  gunnery  predictors  than 
did  gunners.6  Finally,  a  third  sample  of  160  trainees  was  employed,  bro¬ 
ken  down  into  beginning  or  mid-training  experience  and  whether  they 
got  round-by-round  feedback  on  the  training  task.  ASVAB  scores  were 
also  used  as  predictors.  It  was  found  that  with  training,  subjects  per¬ 
formed  better  on  the  tracing  and  sensing  tasks,  but  there  were  no 
differences  on  Table  VI  performance  attributable  to  any  of  the  job 
sample  or  ASVAB  predictors. 

At  first  glance,  the  different  patterns  of  results  appear  to  be  con¬ 
tradictory.  However,  the  O’Brien  and  Owens  (1969)  work  reviewed  in 
the  previous  section  suggests  that  the  nature  of  the  task  can  at  least 
partially  explain  the  inconsistent  results.  The  studies  in  which  the 
proficiency  of  the  least-able  member  significantly  predicted  group  per¬ 
formance  were  coactive  tasks,  in  which  each  member  contributed 
independently  of  the  other  members,  For  such  tasks,  errors  and  ineffi¬ 
ciencies  are  propagated  through  the  task,  with  little  chance  of  correc¬ 
tion.  On  the  other  hand,  the  tasks  showing  significant  relationships 
between  the  proficiency  of  the  most-able  member  or  composite  ability 
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were  interactive,  such  that  individual  errors  could  be  compensated  for 
by  correct  group  performance,  or  interdependence  such  that  more-able 
members  could  pitch  in  to  help  weak  members.  Similar  analyses  have 
been  done  in  research  involving  decision  rules  for  group  bodies  such  as 
juries,  where  rules  are  promulgated  that  maximize  the  likelihood  of 
desired  outcomes,  such  as  voting  for  the  true  state  of  affairs.  Such 
studies,  however,  fall  outside  of  our  performance  purview  because  cf 
their  emphasis  on  purely  cognitive  tasks;  they  offer  little  in  the  way  of 
advice  for  improving  unit  performance  in  the  sense  defined  for  the 
present  project. 

Although  the  specific  patterns  of  correlations  may  have  differed 
somewhat  across  studies,  a  general  finding  emerges  from  most  of  them. 
When  the  proficiencies  of  the  most-able  and  least-able  group  members 
were  used  as  predictors  of  group  performance  in  multiple  regression 
equations,  the  multiple  correlations  ranged  from  0.54  to  0.72,  showing 
that  between  29  and  52  percent  of  the  variation  in  group  performance 
could  be  explained  by  individual  proficiency.  This  is,  by  social  scien¬ 
tific  standards,  a  sizable  proportion  of  the  variation,  and  merits  policy 
recognition.  The  remaining  variance  is  to  be  explained  by  other  fac¬ 
tors,  including  other  characteristics  of  individual  members  (e.g.,  per¬ 
sonality  characteristics),  combinations  of  characteristics  of  group 
members  (group  composition  indices),  and  group  processes. 


PERSONALITY  AND  MOTIVATION 

Much  of  the  work  relating  personality  factors  to  group  productivity 
is  rudimentary.  For  example,  Maksimova  (1973)  reports  that  collective 
job  efficiency  in  Soviet  collectives  is  related  to  individual  industrious- 
and  responsibility  and  negatively  related  to  authoritarianism, 
modeety,  and  shyness.  However,  all  measures  were  subjective  evalua¬ 
tions,  and  no  reliability  or  validity  criteria  were  reported.  Although 
these  findings  might  seem  believable  on  their  face,  it  is  difficult  to  dis¬ 
tinguish  cause  from  effect  in  such  subjective  evaluations. 

The  mo*t  common  method  used  to  relate  personality  and  group  per¬ 
formance  has  been  to  calculate  correlations,  based  on  individual  scores, 
between  groug  performance  and  a  large  collection  of  personality  scores 
from  one  or  more  personality  inventories.  In  a  typical  analysis, 
members  of  eacn  g:  up  are  assigned  their  group’s  performance  scores 
in  addition  to  their  own  scores  on  a  battery  of  personality  tests.  Two 
studies  wilt  lie  reviewed  hoi  3  to  illustrate  this  type  of  research  (see  also 
Keslin,  1964).  One  of  the  earliest  studies  of  this  sort  was  conducted  by 
Haythom  (1953).  In  Kay+horn’s  study,  four-person  groups  worked  on 


reasoning,  mechanical  assembly,  and  discussion  tasks,  and  independent 
judges  rated  each  group’s  productivity.  Group  overall  productivity 
(across  the  three  tasks)  was  correlated  with  members’  scores  on  the 
Cattell  Sixteen  Personality  Factor  Questionnaire.  Only  two  of  the  11 
personality  factors  reported  by  Haythorn  were  related  to  group  produc¬ 
tivity:  emotional  stability  (0.48)  and  “Bohemianism  vs.  practical  con¬ 
cernedness”  (-0.61).  Unfortunately,  Haythorn  did  not  present  the 
correlations  separately  by  task. 

The  other  study  (Bouchard,  1969)  correlated  the  variables  on  the 
California  Personality  Inventory  with  group  performance  on  brain¬ 
storming  and  a  critical  problem-solving  task  (how  to  maintain  a  high 
standard  of  education  in  the  face  of  growing  enrollment).  On  the 
brainstorming  task,  group  performance  was  predicted  by  a  group  of 
variables  representing  interpersonal  effectiveness  (dominance,  capacity 
for  status,  sociability,  social  presence,  and  self-acceptance),  tolerance, 
and  intellectual  efficiency  (correlations  ranged  from  0.30  to  0.62).  On 
the  problem-solving  task,  group  performance  was  predicted  by  capacity 
for  status  and  sociability  (correlations  ranged  from  0.24  to  0.38). 

Because  so  few  of  the  correlations  among  personality  variables  and 
group  performance  measures  were  significant  (two  out  of  11  in  the 
Haythorn  study;  16  out  of  90  in  the  Bouchard  study),  they  may  be 
chance  results.  More  importantly,  the  correlations  are  difficult  'to 
interpret  due  to  the  analytic  method.  Significant  correlations  based  on 
individual  scores  provide  little  understanding  of  whether  the  charac¬ 
teristics  of  all  group  members  or  dnly  a  few  need  be  taken  into  account. 
The  overall  correlations  mask  the  relationships  between  group  per¬ 
formance  and  the  most  extreme  score  in  the  group  (high  or  low),  the 
mean  of  the  group,  and  the  variation  in  the  group. 

A  small  number  of  studies  have  been  more  oriented  to  testing 
hypotheses  about  personality,  motivation,  and  performance,  and  have 
focused  on  specific  personality  measures  rather  than  taking  a  "shot¬ 
gun”  approach. 

Cooper  and  Payne  (1972)  investigated  the  relationship  of  personality 
orientations  and  performance  in  football  (soccer)  teams.  They 
obtained  the  cooperation  of  17  of  the  22  English  First  Division  football 
clubs  in  1966,  and  administered  personality  inventories  to  players, 
coaches,  and  managers.  Their  primary  instrument  assessed  motivation 
in  terms  of  self-,  interaction-,  and  task-oriented  motivation.  Contrary 
to  hypotheses,  no  global  differences  were  found  among  teams  on  the 
basis  of  their  league  success;  however,  coaches  of  winning  teams  did 
have  more  of  a  task  orientation  than  did  coaches  of  losing  teams.  In 
general,  backs  (players  in  defensive  positions)  were  less  self-oriented 
than  forwards  or  midfielders  (attacking  players),  which  might  be 


attributable  to  the  skills  required  for  high-caliber  football.  Configura¬ 
tions  of  players  in  winning  teams  showing  a  high  self-orientation  at  the 
expense  of  task  and  interaction  orientations  were  also  found.  These 
personality  differences  are  suspect,  though,  as  they  might  be  attributa¬ 
ble  to  situational  differences  based  on  the  time  of  testing  and  player 
expectations.  Testing  was  done  in  the  spring,  when  only  two  or  three 
winning  teams  were  still  in  contention  for  the  national  championship; 
for  the  losing  teams,  task  orientation  may  be  inappropriate  for  coaches, 
who  are  thinking  about  next  year  and  their  jobs.  Similarly,  the  self¬ 
orientation  of  players  on  winning  teams  may  arise  from  the  fact  that 
they  were  being  considered  for  placement  on  the  national  team,  an 
honor  that  is  regarded  very  highly  among  professional  soccer  players.6 
From  this  study,  it  is  not  possible  to  draw  any  firm  conclusions  relat¬ 
ing  motivational  orientation  and  group  performance. 

Butler  and  Burr  (1980)  administered  a  large  questionnaire  to  914 
male  U.S.  Navy  enlisted  personnel.  Their  primary  goal  was  to  demon¬ 
strate  throe  types  of  locus-of-control  personality  orientations:  internal, 
external/powerful  other,  and  external/chance.  Factors  identified  with 
these  three  orientations  were  found;  however,  these  types  did  not  relate 
well  to  any  of  a  variety  cf  health-  and  job-related  performance  meas¬ 
ures  in  military  environments.  The  only  correlation  over  0.30  in  abso¬ 
lute  value  was  one  showing  a  relationship  between  health  and  an 
external/powerful  other  orientation.  As  no  nonmilitary  personnel  were 
tested,  whether  these  findings  have  special  significance  for  military 
performance  is  not  clear. 

In  the  only  study  located  relating  personality  style  specifically  to 
military  performance,  Roberts,  Meeker,  and  Aller  (1972)  compared  the 
action  styles  of  Naval  officers  to  their  performance  in  a  decisionmaking 
game.  The  officers  were  typed  as  to  their  view  of  causality  in  life  as 
attributable  to  force  or  strategy.  An  instrument  developed  by  Roberts, 
an  anthropologist  interested  in  classifying  games  in  different  cultures, 
was  employed.  The  officers  were  classified  as  pure  force,  pure  strategy, 
or  mixed  thinkers.  For  the  decisionmaking  game,  groups  of  five  to 
eight  officers  were  randomly  constructed,  and  their  performance  was 
related  to  the  styles  of  the  group.  It  was  found  that  having  multiple 
styles  represented  yielded  a  superior  performance  to  any  homogeneous 
group,  including  one  of  mixed  thinkers. 

Several  studies  have  examined  individual  motivation  and  perform¬ 
ance  in  the  military.  Bessinger  (1974)  administered  a  morale  inventory 
to  recruits  after  the  first,  second,  fourth,  and  sixth  week  of  basic 

‘Indeed,  England,  ae  host  country,  won  the  World  Cup  competition  in  the  year  fol¬ 
lowing  this  study. 
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training,  and  compared  this  level  of  morale  to  several  outcome  meas¬ 
ures,  including  the  basic  physical  fitness  test,  a  comprehensive  per¬ 
formance  test,  and  instances  of  absence  without  leave  (AWOL). 
Analyses  were  not  on  the  individual  soldier  level,  but  rather  on  the 
company  level  for  18  training  companies.  No  correlation  was  above 
0.30  in  absolute  value  for  any  comparison  made,  indicating  that  morale, 
as  measured  on  the  group  level,  did  not  affect  company  performance. 
Given  the  nature  of  the  measures  used,  a  unit  of  analysis  of  the  indi¬ 
vidual  soldier  might  have  yielded  different  and  more  informative 
results. 

Baue\  Stout,  and  Holz  (1976)  developed  a  mode)  of  predictors  of 
discipline  problems  in  the  Army  by  interviewing  over  1500  people  on 
U.S.  Army  bases  in  both  CONUS  and  West  Germany.  Using  modern 
nonmetric  multidimensional  analyses,  they  isolated  three  components 
of  discipline  in  the  Army:  good  performance,  good  appearance,  and 
good  conduct.  These  factors  emerged  for  combat  and  support  units, 
and  the  first  two  held  for  training  units  as  well.  They  then  employed 
multiple  regression  to  find  what  characteristics  of  units  predicted  good 
discipline.  Performance  was  found  to  be  predicted  by  a  solid  esprit  de 
corps,  good  leadership,  and  satisfaction  with  work  role.  This  study, 
which  is  methodologically  sound  in  terms  of  its  sample  size,  appropri¬ 
ate  use  of  statistical  tools,  and  representativeness  of  subpopulations, 
provides  insight  into  environmental  factors  affecting  positive  motiva¬ 
tions  toward  performance;  the  next  steps  are  to  ascertain  ways  of  pro¬ 
viding  those  motivations,  and  to  show  how  motivations  lead  to  per¬ 
formance. 

Eaton  (1978c)  attempted  to  find  out  what  sort  of  incentives 
motivated  members  of  tank  crews  to  perform  well.  He  created  a  ques¬ 
tionnaire  which  was  administered  to  52  experienced  armor  crewmen, 
and  obtained  composite  measures  assessing  personal  recognition,  tangi¬ 
ble  reward,  intrinsic  satisfaction  with  a  job  well  done,  and  self- 
actualization  motivation  for  tank  crews.  This  was  followed  by  adminis¬ 
tration  of  the  questionnaire  to  220  crewmen  to  measure  the  relative 
strengths  of  those  motivations.  For  tank  commanders,  loaders,  and 
drivers,  but  not  for  gunners,  he  found  that  recognition  was  the  most 
dominant  motive.  Tangible  rewards,  contrary  to  expectation,  were 
rated  slightly  negatively,  in  practice,  however,  a  combination  of  tangi¬ 
ble  reward  (days  off  plus  cash)  and  recognition  (public  commendation) 
for  high  performance  was  shown  to  increase  crew  efforts.  Eaton  con¬ 
cludes  that  recognition  is  an  effective  motivation  whose  judicious  use 
can  probably  improve  unit  performance. 
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SUMMARY 

The  literature  relating  individual  characteristics  with  group  perform¬ 
ance  shows  substantial  correlations  between  member  ability  and  profi¬ 
ciency  on  the  task  and  group  performance.  However,  those  substantial 
correlations  did  not  obtain  for  studies  of  military  performance.  Even 
in  the  various  civilian  tasks,  the  specific  relationships  between  member 
ability  and  proficiency  and  group  performance  differ  with  the  profi¬ 
ciency  of  the  most-able  member,  least-able  member,  or  the  average  of 
the  proficiency  levels  in  the  group  having  different  predictive  power  for 
different  tasks.  When  the  task  requires  contributions  by  all  group 
members,  the  proficiency  of  the  least-able  member  and  the  sum  of  all 
proficiencies  in  the  group  are  good  predictors  of  group  performance. 
When  the  task  can  be  completed  successfully  using  only  the  proficiency 
of  the  most-able  member,  the  proficiency  of  other  group  members  may 
not  correlate  with  task  success. 

These  findings,  both  positive  and  negative,  suggest  avenues  of 
research  that  should  prove  fruitful  in  ascertaining  the  contribution  of 
individual  characteristics  to  unit  performance: 

•  Military  studies  of  general  ability  have  not  to  date  examined 
the  relationship  of  ability  of  all  of  the  crew  members  to  per¬ 
formance,  only  the  ability  of  different  members  singly  as  they 
relate  to  the  performance  of  the  unit.  Such  studies,  using  the 
group  as  the  unit  of  analysis,  should  supplement  extant  studies. 

•  Performance  in  a  group  task  is  clearly  affected  by  the  interrela¬ 
tionships  of  individuals’  tasks  within  the  group.  For  interactive 
groups,  there  is  a  need  for  close  examinations  of  the  processes 
by  which  groups  complete  tasks  in  order  to  discover  how  the 
group’s  problem-solving  strategy  is  a  function  of  the  ability 
composition  of  the  group.  If  any  policy  regarding  group  compo¬ 
sition  is  undertaken,  it  would  best  be  accompanied  by  concomi¬ 
tant  structuring  of  interactive  tasks  to  promote  efficacious 
problem-solving  strategies. 

•  Investigations  of  individual  proficiency  in  tasks  as  proficiency 
relates  to  group  performance  have  studied  individual  proficien¬ 
cies  on  a  common  task,  whereaB  most  applications  involve  crew 
members  with  different  roles.  Moreover,  the  extant  studies  lose 
sight  of  the  fact  that  a  task  performed  by  groups  of  people 
might  have  quite  different  demands  than  the  same  task  per¬ 
formed  individually.  To  obtain  a  clearer  view  of  the  role  of 
individual  proficiency,  studies  which  examine  within-role  profi¬ 
ciency  as  it  relates  to  group  performance  are  needed.  Such 
studies  would  necessarily  be  methodologically  complicated  and 
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require  careful  analyses  based  on  measurement  frameworks,  as 
discussed  in  the  Appendix. 

The  literature  presented  only  weak  or  inconclusive  findings  for  the 
effects  of  personality,  characteristics  of  group  members  on  performance. 
Although  this  finding  is  somewhat  disappointing,  it  is  not  entirely 
unanticipated;  indeed,  there  are  personality  theorists  (e.g.,  Mischel, 
1968;  Skinner,  1975)  who  hold  that  the  very  concept  of  personality 
traits  as  broad  predispositions  to  behavior  is  not  tenable.  These  theo¬ 
rists  would  expect  variations  in  correlations  across  studies  as  a  func¬ 
tion  of  group  composition  and  task  requirement,  as  we  have  observed, 
but  would  anticipate  no  relationship  between  trait  measures  and  gen¬ 
eral  task  performance.  The  debate  over  the  existence  of  traits  notwith¬ 
standing,  it  appears  reasonable  to  conclude  that  personality  measures 
do  not  presently  provide  a  good  means  of  predicting  unit  performance. 

Motivation  was  shown  to  be  important,  as  might  be  anticipated. 
However,  the  various  studies  show  that  intuitive  predictions  of  what 
are  effective  motivators  may  not  be  valid;  for  specific  units,  a  study  of 
what  unit  members  wish  to  obtain  from  performance  is  useful  in  con¬ 
structing  an  incentive  structure  that  will  motivate  good  performance. 


IV.  LEADERSHIP 


The  group  leader  is  the  most  important  individual  in  a  group,  and 
one  whose  particular  characteristics  are  most  likely  to  be  related  to 
group  performance.  The  literature  on  leadership  is  voluminous  and 
varied.  Although  the  many  studies  relating  leadership  and  group  per¬ 
formance  are  often  reviewed  as  a  single  category,  they  may  address 
very  different  issues. 

There  have  been  several  studies  of  military  leadership,  most  of 
which  are  oriented  toward  lower-echelon  leaders  of  teams  rather  than 
higher-level  command  personnel.  One  exception  to  this  general  rule, 
which  is  noteworthy  because  of  its  inherent  interest  and  its  methodo¬ 
logical  innovativeness,  is  a  study  by  Simonton  (1980)  designed  to 
examine  tho  individual  and  situational  determinants  of  victory  and 
casualty  ratios  in  major  land  battles.  Simonton  examined  326  major 
battles  throughout  history  in  an  effort  to  find  those  factors  that  would 
enable  him  to  predict  which  general  won.  His  predictor  variables 
included  individual  aspects  of  the  two  competing  generals  such  as  their 
years  of  experience,  number  of  consecutive  victories  before  the  target 
battle,  and  age;  they  also  included  situational  variables  such  as  army 
size,  home  defense,  divided  command,  and  year  the  battle  took  place. 
His  analytic  approach  was  to  use  stepwise  discriminant  functions  to 
predict  the  winning  general.  This  is  a  procedure  that  takes  into 
account  the  extensive  dependencies  among  the  variables  and  provides 
the  most  predictability  in  the  fewest  number  of  measures.  Although 
this  procedure  might  cause  a  theoretically  oriented  investigator  to  miss 
potential  connecting  constructs  between  elements  of  hiB  theory,  it  is  an 
excellent  technique  for  the  applications-oriented  investigator  who  is 
primarily  interested  in  useful  prediction  instruments.  Simonton  found 
that  four  variables  enabled  him  to  predict  71  percent  of  the  time  who 
would  win  the  battle.  These  were  the  differences  in  years  of  experience 
between  the  competing  generals,  the  difference  in  length  of  “winning 
streak"  (consecutive  encounters  won)  between  the  generals,  the  taking 
of  the  offensive  (i.e.,  choosing  when  to  begin  an  engagement),  and  hav¬ 
ing  a  divided  command  (e.g.,  uiiied  nations  each  with  its  own  general). 
The  first  three  are  individual  variables,  whereas  the  fourth  is  situa¬ 
tional,  reflecting  perhaps  the  conventional  wisdom  that  two  heads  are 
better  than  one.  For  predicting  casualty  ratios,  the  difference  in  cumu¬ 
lative  victories  between  the  generis,  the  advantage  in  army  size,  hav¬ 
ing  a  divided  command,  and  year  of  the  battle  all  were  effective 
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predictors.  With  regard  to  the  last  measure,  apparently  ratios  have 
been  evening  out  as  warfare  becomes  more  mechanized  and  less  hand- 
to-hand  combat. 

This  study  illustrates  several  methodological  points  about  leadership 
and  group  performance.  First,  there  is  the  question  of  performance 
itself:  leadership  is  often  evaluated  in  terms  of  its  results,  making  the 
separation  of  leadership  behaviors  which  should  be  promotive  of  group 
performance  and  the  performance  itself  difficult.  This  issue  is  particu¬ 
larly  exacerbated  when  leaders  are  evaluated  by  subjective  ratings  of 
observers  or  superiors.  Then,  the  tendency  to  equate  quality  of  leader¬ 
ship  with  quality  of  group  performance  is  very  pronounced.  Second, 
the  distinction  needs  to  be  made  between  leader  behavior  and  charac¬ 
teristics  of  the  leader.  The  former  refers  to  behaviors  performed  dur¬ 
ing  the  act  of  leading.  Leadership  styles  (e.g.,  democratic  vs.  autocratic 
or  initiative-seeking  vs.  conservative)  fall  into  this  category.  The  latter 
refers  to  ability  and  personality  characteristics  of  the  leader.  Studies 
examining  characteristics  of  the  leader  as  predictors  of  group  perform¬ 
ance  sometimes  are  really  concerned  with  leadership  behavior;  the  dis¬ 
tinction  should  be  maintained,  however,  because  the  implications  for 
improving  performance  vary  depending  on  whether  leaders  are  to  be 
better  selected  or  better  trained.  Therefore,  we  next  review  separately 
the  literature  on  the  ability  of  the  leader,  the  personality  of  the  leader, 
and  leader  behavior. 


ABILITY  O*  THE  LEADER 

As  pointed  out  above,  ability  of  the  leader  refers  here  to  the  general 
or  task-related  ability  of  the  leader,  rather  than  to  the  behaviors  of  the 
leader  when  carrying  out  leadership  activities.  A  program  of  research 
by  O’Brien  and  colleagues  (O’Brien,  1968;  O’Brien  and  Hftary,  1077; 
O’Brien  and  Ilgen,  1968;  O’Brien  and  Owens,  1969)  has  investigated 
the  relationship  between  ability  of  the  leader  and  group  performance. 
To  illustrate  tide  research,  two  of  the  studies  will  be  described  here. 

O’Brien  and  Owens  (1969)  conducted  two  experiments:  an  Army 
study  in  which  groups  wrote  a  recruitment  letter  or  constructed  a 
chart,  and  a  laboratory  study  in  which  subsets  wrote  stories  from  TAT 
pictures  (the  experimental  procedures  used  in  this  study  have  been 
presented  earlier).  In  the  Army  study,  the  leader  was  the  group 
member  with  the  highest  military  rank.  In  the  laboratory  study,  the 
leader  was  appointed  by  the  experimenters.  General  ability  was 
defined  on  the  basis  of  the  Army  General  Classification  Test  (GCT)  or 
American  College  of  Testing  scores  in  English.  For  no  task  in  either 


31 


experiment  was  the  correlation  between  the  ability  of  the  leader  and 
group  performance  statistically  significant.  This  is  not  particularly 
surprising,  for  several  reasons.  First,  general  ability  may  not  correlate 
highly  with  performance  on  the  task.  Second,  it  is  not  clear  that  the 
leader  in  either  experiment  was  given  any  special  function  or  responsi¬ 
bility  in  the  group. 

The  second  study,  by  Kabanoff  and  O’Brien  (1979),  deals  with  both 
of  the  limitations  of  O’Brien  and  Owens’  study  described  above:  the 
generality  of  the  ability  measure  and  the  function  of  the  leader. 
Kabanoff  and  O’Brien  used  the  creative  ability  of  the  leader  to  predict 
group  performance  on  creative  problems  (e.g.,  improvement  of  toys, 
unusual  uses  of  objects).  Furthermore,  group  leaders  were  the  only 
group  members  to  receive  instructions  for  the  task.  The  results  of  the 
study  were  complex.  Although  tbore  was  a  significant  main  effect  for 
leader  ability,  showing  that  groups  with  high-ability  leaders  performed 
better  than  groups  with  low-ability  leaders,  leader  ability  interacted 
with  the  type  of  task  structure.  In  the  recruitment  letter  task,  group 
members  worked  together,  whereas  in  the  coactive  (chart  construction) 
task,  group  members  rotated  through  subtasks  so  that  at  any  one  time 
they  were  working  individually,  but  all  group  members  worked  on  every 
part.  The  results  showed  that  groups  with  high-ability  leaders  outper¬ 
formed  groups  with  low-ability  leaden  only  in  the  coactive  task.  In  the 
interactive  (fint)  task,  ability  of  the  leader  did  not  affect  group  per¬ 
formance.  The  investigators  speculated  that  the  leader  had  more  con¬ 
trol  over  group  functioning  in  the  coactive  task  than  in  the  interactive 
task  and  so  could  make  a  substantial  contribution  to  the  group  prod¬ 
uct.  In  the  interactive  task,  one  of  the  leader’s  responsibilities  was  to 
promote  contributions  by  all  group  memben,  which  would  tend  to 
deemphasize  the  leader’s  contribution.  This  conclusion  is  weakened  by 
the  fact  that  the  rotation  through  subtasks  confounds  the  coactive 
task.  Rotation  itself,  or  the  fact  that  the  i  ■xder  participated  himself  in 
each  phase,  provides  an  alternative  explanation  to  the  finding  of  leader 
influence. 

A  third  study,  conducted  at  West  Point  by  Adams,  Prince,  Yoder, 
and  Rice  (1981),  also  found  a  complex  relationship  between  leader  abil¬ 
ity  and  group  performance.  In  this  study,  cadets  each  led  three-person 
groups  on  two  tasks:  a  scale  drawing  of  a  building  and  writing  a  pro¬ 
posal  for  junior  officers  to  maintain  high  standards  and  increase  reen- 
listment  rates.  All  groups  were  mixed-sex.  Leader  ability  was  defined 
by  Scholastic  Aptitude  Test  or  American  College  of  Testing  scores. 
Only  for  the  drawing  task  were  any  results  significant.  When  tho 
group  leader  was  a  male,  leader  ability  was  positively  related  to  group 
performance  when  the  group  held  traditional  attitudM  toward  women, 
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but  was  negatively  related  to  group  performance  when  the  group  held 
liberal  views.  When  the  group  leader  was  female,  leader  ability  did  not 
relate  to  group  performance.  Adams  et  al.  did  not  attempt  to  explain 
the  negative  correlation,  which  is  counterintuitive  and  puzzling. 

Fiedler  and  Leister  (1977)  constructed  a  model  that  determined 
when  leader  intelligence  should  and  should  not  be  correlated  with  task 
performance.  Their  model  included  several  mediating  factors,  called 
“screens,"  that  should  permit  the  correlation  of  intelligence  and  per* 
formance  if  they  are  not  blocked  by  situational  determinants.  They 
examined  this  model  by  defining  the  various  screens  in  terms  of 
observable  behavior,  sorting  out  their  population  into  medians  on  the 
screen,  and  then  computing  correlations  between  intelligence  and  per¬ 
formance  ratings  for  each  half  of  the  sample  separately.  The  subject 
sample  was  a  group  of  staff  sergeants  rated  by  their  superiors;  intelli¬ 
gence  was  based  on  the  Army  entrance  test  battery.  The  most  impor¬ 
tant  screen,  in  producing  different  correlations  for  the  two  halves  of 
the  sample,  was  stress  with  a  superior  officer:  in  low  stress,  perform¬ 
ance  was  strongly  positively  correlated  with  intelligence,  but  in  high 
stress,  zero  or  even  negative  correlations  were  found.  Additionally, 
experience  served  as  a  mediator,  with  intelligence  being  more  useful 
with  more  experienced  leaders,  with  good  leader-superior  relations,  and 
with  good  leader-group  relations.  Some  indication  that  motivation, 
experience,  and  leader-group  relations  interact  was  also  found:  intelli¬ 
gence  was  correlated  0.68  or  higher  with  performance  for  highly 
motivated,  experienced  leaders  with  good  leader-group  relations  and 
also  highly  motivated,  inexperienced  leaders  with  poor  leader-group 
relations,  whereas  strong  negative  correlations  were  found  for  highly 
motivated,  inexperienced  leaders  and  less  motivated,  inexperienced 
leaders,  both  with  good  leader-group  relations.  These  findings  are 
based  on  samples  too  small  to  have  firm  reliability  (n  for  each  group 
ranged  from  9  to  23),  but  do  suggest  that  the  screens  may  operate  in  a 
nonstraightforward  manner.  Fiedler  and  Leister  emphasize  that  stres¬ 
sors  in  the  work  situation  work  against  intelligence  helping  perform¬ 
ance;  some  of  the  negative  correlations  suggest  that  very  stressful 
situations  might  be  conducive  to  leader  sabotage  of  superior  officers’ 
directives.  Unfortunately,  though,  these  authors  do  not  present  a 
model  of  why  stress  affects  the  intelligence/performance  relationship; 
such  a  model  would  help  guide  the  research  needed  to  overcome  the 
problems  of  stress. 

Fiedler  et  al.  (1979)  continued  the  research  on  the  relationship  of 
intelligence,  task  performance,  and  stress  in  a  series  of  four  studies. 
Bach  study  employed  a  different  population  of  military  leaders,  ranging 
from  infantry  squad  leaders  to  first  sergeants,  to  Coast  Guard  staff,  to 
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company  commanders  and  batallion  staff  officers.  In  each  study,  intel¬ 
ligence,  based  on  the  GCT,  was  divided  into  medians  or  thirds,  and  the 
performance  vs.  intelligence  correlations  were  computed  separately. 
Each  individual  study  has  minor  technical  problems,  but  overall,  the 
studies  impressively  demonstrate  the  main  point  that  in  situations  of 
low  superior-subordinate  stress,  the  subordinate  can  effectively  use 
intelligence  to  achieve  good  performance,  but  in  situations  of  high 
stress,  this  relationship  does  not  obtain.  As  before,  experience  was  a 
mediating  influence;  the  longer  a  person  has  served  in  a  leadership 
capacity,  the  less  were  the  negative  effects  of  stress. 


PERSONALITY  OF  THE  LEADER 

In  addition  to  their  work  on  leader  ability,  O’Brien  and  colleagues 
also  related  personality  characteristics  of  the  leader  to  group  perfor¬ 
mance.  O’Brien  and  Kabanoff  (1981)  and  O’Brien  and  Harary  (1977) 
tested  the  hypothesis  that  the  discrepancy  between  the  leader’s  need 
for  control  and  participation  and  the  opportunities  for  satisfying  those 
needs  would  be  negatively  related  to  group  productivity.  In  these  stu¬ 
dies,  positions  in  the  group  were  systematically  manipulated  so  as  to 
create  congruence  between  need  and  opportunities  (high  need  for  con¬ 
trol,  high-control  position;  low  need  for  control,  low-control  position) 
or  discrepancy  between  need  and  opportunities  (high  or  low  need  for 
control  matched  with  low-  or  high-control  positions).  The  tasks 
included  building  molecular  models,  writing  Btories  from  TAT  pictures 
and  abstract  geometric  shapes,  discussions  of  general  topics  (e.g.,  capi¬ 
tal  punishment),  writing  Japanese  Haiku  poems,  and  interpreting  Freu¬ 
dian  dreams.  Only  for  one  task,  writing  stories  from  TAT  pictures, 
was  the  relationship  between  discrepancy  (of  need  for  control  and 
opportunities  to  apply  control)  and  group  performance  significant.  The 
greater  the  discrepancy  between  the  leader’s  need  for  control  and 
opportunities  to  apply  control,  the  lower  was  group  performance.  Since 
most  comparisons  of  leader  discrepancy  and  group  performance  were 
not  significant,  there  seems  to  be  little  support  for  O’Brien  et  al.’s 
discrepancy  theory  of  group  productivity. 

Hewett,  O’Brien,  and  Hornik  (1974)  examined  the  relationship 
between  leader  personality  and  group  performance.  In  this  study,  in 
which  the  group  task  was  to  build  models  of  molecules,  the  appointed 
leader  was  given  instructions  for  the  work  organization  to  be  used  by 
the  group  (interaction  or  coaction).  The  task-orientation  vs.  the 
person-orientation  of  the  leader  was  not  related  to  group  productivity, 


34 


nor  did  leader  orientation  interact  with  any  other  factor  in  the  study 
(degree  of  interactivity,  compatibility  of  the  group). 

In  an  independent  examination  of  the  personality  of  the  leader, 
Oottheil  and  Vielhaber  (1966)  attempted  to  show  how  the  interaction 
of  leader  and  unit  attributes  related  to  the  performance  of  military 
squads.  Their  sample  was  atypical:  West  Point  cadets  at  a  summer 
training  camp  during  the  annual  Games  Day.  On  this  day,  the  dif¬ 
ferent  companies  (assembled  only  for  that  summer)  put  their  best 
squads  in  armor,  artillery,  signal,  infantry,  and  engineering  up  against 
each  other  in  performance  contests.  For  each  such  squad,  a  leader  is 
elected  from  the  company.  The  authors  attempted  to  ascertain  how 
the  interaction  of  characteristics  of  the  leader  and  the  rest  of  the  squad 
affected  squad  performance.  There  were  no  differences  in  performance 
based  on  leader  or  member  individual  performance,  aptitude  for  service 
rating,  squad  stability,  or  btvt  racks  type,  either  over  event  or  for  each 
event  individually.  This  could  be  due  to  there  being  little  room  for 
improvement,  given  the  personnel  selected  for  the  study.  Differences 
between  leaders  and  squad  members  were  found  for  individual  perform¬ 
ance  rating,  aptitude  for  service  rating,  self-esteem,  and  degree  of  task 
motivation  (leaders  had  more  of  each),  and  manifest  anxiety  (leaders 
had  less).  These  differences,  however,  did  not  affect  squad  perform¬ 
ance.  It  was  found  that  the  more  the  leader  of  a  squad  distanced  him¬ 
self  from  his  erstwhile  teammates  (recalling  that  leadership  wus  a 
Games  Day  election),  the  better  the  team  performed.  When  squads 
had  leaders  with  high  esteem,  presumably  better  able  to  distance  them- 
selves,  the  squad  performed  better  when  they  took  a  task  orientation 
and  were  critical  of  each  other,  whereas  when  the  squad  had  a  low- 
esteem  leader,  performance  was  better  among  squads  rated  as  friendly. 
The  authors  interpret  this  finding  in  terms  of  cohesiveness:  squads 
with  cohesion  can  be  more  critical  than  squads  lacking  cohesion.  This 
interpretation  is  difficult  to  understand  given  their  data.  What  they 
conclude,  although  its  immediate  applicability  to  unit  performance  is 
unclear,  is  that  leader  and  squad  esteem  are  important  factors  in  effec¬ 
tive  squad  performance. 

In  summary,  these  studies  show  little  evidence  that  the  personality 
of  the  leader  afreets  group  performance.  However,  it  must  be  kept  in 
mind  that  the  leaders  in  these  groups  rarely  had  “rear  authority  or 
power.  The  leader’s  primary  responsibility  in  the  laboratory  experi¬ 
ments  was  to  communicate  instructions  about  the  task,  rather  than  to 
control  the  functioning  of  the  group;  in  the  military  study,  leadership 
was  transitory.  In  natural  settings,  in  which  the  leader  has  recognised 
and  enduring  authority,  one  might  expect  a  stronger  effect  of  personal¬ 
ity  on  group  functioning,  and  possibly  on  group  performance  as  well. 
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Obviously,  more  research  is  needed  before  conclusions  can  be  drawn 
about  leader  personality  effects. 


LEADER  BEHAVIOR  AND  LEADERSHIP  STYLES 

Rather  than  review  the  voluminous  literature  on  leadership  styles 
and  behavior,  we  will  describe  the  conclusions  drawn  from  the  litera¬ 
ture  by  Stogdill  (1974),  who  reviewed  hundreds  of  leadership  studies. 
This  description  will  be  followed  by  a  discussion  of  several  studies, 
published  after  StogdiU's  review,  which  used  military  men  as  subjects. 

Stogdill  reviewed  a  great  number  of  studies  that  compared  demo¬ 
cratic  vs.  autocratic  leadership,  permissive  vs.  high-control  leadership, 
follower-oriented  vs.  task-oriented  leadership,  high  vs.  low  social  dis¬ 
tance  leadership,  and  participative  vs.  directive  patterns  of  leadership. 
Of  all  these  comparisons,  only  social  distance  is  consistently  related  to 
group  performance:  the  greater  the  distance  between  leaders  and  fol¬ 
lowers,  the  higher  the  performance.  Although  conclusive  statements 
about  the  relationship  between  leadership  style  and  group  performance 
cannot  be  directly  assessed  from  a  tabulation  of  results  such  as 
StogdiU’s,  it  should  be  noted  that  many  of  the  studies  reviewed  yielded 
statistically  significant  results.  A  closer  scrutiny  of  the  research  data, 
employing  meta-analytic  statistical  techniques  and  taking  into  account 
interactions  among  variables,  might  be  a  fruitful  research  project. 

Klemp  et  al.  (1977)  obtained  ratings  of  superior  or  average  leader¬ 
ship  performance  for  a  sample  of  82  Naval  commissioned  and  noncom¬ 
missioned  officers  based  in  San  Diego  (no  rating  of  below  average  was 
possible).  These  officers  were  independently  interviewed  to  identify 
critical  incidents  in  their  leadership  experience  in  which  they  both  suc¬ 
ceeded  and  failed.  These  incidents  were  coded  for  the  presence  or 
absence  of  27  separate  leadership  competencies,  which  in  turn  were 
factor  analyzed,  yielding  five  leadership  factors: 

•  Orientation  toward  task  achievement 

•  Skillful  use  of  influence 

•  Use  of  management  control  techniques 

•  Advising  and  counseling 

•  Use  of  coercion 

All  factors  but  the  last  successfully  discriminated  between  superior  and 
average  officers.  Further  analyses  showed  no  major  effects  of  the 
officer’s  service  rank,  whether  he  was  commissioned,  years  of  experi¬ 
ence,  and  other  variables.  A  cross-validation  sample  of  men  based  in 
Norfolk  showed  that  the  factor  structure  and  the  discriminant  Amotion 
predicting  leadership  ratings  could  be  replicated.  It  is  possible  that 
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leadership  training  could  instill  some  of  the  qualities  associated  with 
effectiveness. 

Yukl  and  van  Fleet  (1982)  performed  a  multi-method,  cross- 
situational  analysis  of  military  leader  effectiveness.  Subjects  were 
either  military  cadets  in  a  university  program  or  Air  Force  officers. 
The  method  was  either  content  analysis  of  critical  leadership  incidents 
elicited  from  subjects  or  correlational  analysis  of  a  leadership  quality 
questionnaire.  For  each  type  of  method,  one  noncombat-  and  one 
combat-oriented  scenario  were  provided  for  analysis.1  For  both  types  of 
measurement  and  both  combat  and  noncombat  situations,  four 
behaviors  emerged  as  important  for  group  performance: 

•  Emphasis  on  performance 

•  Inspiration 

•  Role  clarification 

•  Use  of  criticism-discipline 

There  is  a  rough  correspondence  of  these  factors  with  those  of  Klemp 
et  al.  Emphasis  on  performance  corresponds  to  task  orientation,  use  of 
criticism-discipline  corresponds  to  skillful  use  of  influence,  and  role 
clarification  corresponds  to  management  control.  There  were  some 
differences  in  combat  vs.  noncombat  situations,  with  combat  leadership 
showing  more  emergent  problem  solving.  This  could  be  due  to  the 
leadership  experience  of  the  officers  or  to  the  nature  of  situations  that 
arise  in  combat,  but  not  to  personality  difference  because  Yukl  and  van 
Fleet  specifically  excluded  personality  differences  in  leadership  as  vari¬ 
ables  in  their  study.  The  emergence  of  inspiration  as  a  factor  might 
arise  from  the  method  employed,  which  emphasized  examples  of  out¬ 
standing  leadership,  rather  than  opportunities  to  be  a  good  or  bad 
leader. 

The  most  prominent  theory  that  takes  into  account  interactions 
among  variables,  including  characteristics  of  th®  task  and  environment, 
is  that  of  Fiedler  (1964,  1967,  1978).  Fiedler's  theory  postulates  that 
the  type  of  leadership  required  for  high  group  performance  depends  on 
the  favorableness  of  the  group-tAsk  situation  for  the  leader,  where 
favorableness  refers  to  the  ease  with  which  the  leader  can  influence 
group  members. 

Leadership  style  is  operationally  defined  in  Fiedler's  research  as  the 
“LPC*  (Least -Preferred  Coworker)  score,  which  purports  to  meaauve 
an  internally  consistent,  temporally  stable  personality  trait.  High-LPC 

’The  itu&  ata  w ere  given  the  noncombat  scenarios,  wlille  the  officers,  who  had  battle 
experience,  were  given  the  combat  scenarios,  do  any  difference  on  this  dimension  can  be 
due  to  eubiect  population,  topic,  oi  an  interaction  of  the  two. 
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leaders  attend  to  the  interpersonal  problems  in  their  <rroup,  whereas 
low-LPC  leaders  focus  on  the  task  to  the  neguct  o>'  group  members. 
The  relationship  between  effective  leadership  otyie  and  favorableness  is 
complicated,  as  illustrated  in  Fig.  1,  taken  from  Fiedler  C*978).  For 
extremely  favorable  or  unfavorable  conditions  for  the  leader,  ■directive 
and  controlling  leadership  is  expected  to  be  most  efface!*  s.  When  con¬ 
ditions  arc  moderately  favorable  or  unfavorable,  pornvs'uvv  nondirec¬ 
tive  leadership  is  expected  to  be  most  effective.  Shaw  und  Blum  (1968, 
pp.  238-239)  give  a  cogent  and  clear  description  of  Fiedloi  a  conditions 
of  favorableness:  the  favorableness  of  the  group-task  situation  is  d  >ter- 
mined  by  three  dimensions— the  affective  relation  between  the  leader 
and  his  members,  the  degree  to  which  the  task  is  structured,  and  the 
power  inherent  in  the  leadership  position.  Although  it  is  rer\  smized 
that  the  interaction  of  these  dimensions  is  complicated,  Fiedler  sug¬ 
gests  that  the  leader’s  relation  with  his  members  is  the  most  important 
structure  of  the  task,  and  inherent  power  of  the  leadership  position  is 
least  important  for  the  favorableness  continuum.  A  very  favorable  set 
of  conditions  is:  leader-member  relations  are  good,  the  task  is  highly 
unstructured,  and  the  leadership  has  a  high  degree  of  inherent  power. 
An  unfavorable  set  of  conditions  has  poor  leader -member  relations,  an 
unstructured  task,  and  a  weak  leadership  position. 

The  prototypical  military  situation  is  a  highly  structured  task  with 
good  leader-member  relations  and  a  strong  leader  position,  and  is  most 
conducive  to  a  task-oriented  (low-LPC)  leader.  This  finding 
corresponds  to  the  emergence  of  the  task-orientation  factor  as  the 
strongest  characteristic  of  good  leadership  in  both  Klemp  et  ai.  and 
Yuki  and  van  Fleet,  as  discussed  above. 

Bons  and  Fiedler  (1976)  illustrate  an  application  of  Fiedler's  model. 
One  hundred  fifteen  infantry  squad  leaders  were  examined  over  a 
nine-month  period.  At  the  beginning  of  the  period,  their  motivation 
(task  vs.  relationship)  was  assessed,  along  with  the  situational  favora- 
bility  of  their  environment,  so  that  they  could  be  placed  into  one  of  the 
eight  categories  indicated  in  Fig.  1.  After  the  nine-month  period, 
changes  in  their  working  conditions,  including  changes  in  assigned 
task,  unit  the  leader  commanded,  and  superior  officers,  were  recorded 
and  the  situational  favorableness  was  again  assessed.  It  was  shown 
that  job  changes  brought  about  different  changes  in  the  person-related 
behaviors  of  leaders  depending  on  whether  they  were  task-  or 
relationship-motivated  and  on  whether  the  situAtional  favorableness 
moved  them  to  arenas  more  or  less  favorable  to  their  particular  leader¬ 
ship  style.  Experienced  leaders  showed  this  effect  lass;  it  was  surmised 
that  they  are  more  used  to  frequent  change.  This  study  did  not 
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directly  address  the  effectiveness  of  the  leaders,  and  also  had  ack¬ 
nowledged  problems  in  its  choice  of  subjects  to  sample,  dropout  rate 
from  the  study,  and  reliability  of  some  measures.  Nevertheless,  it  is, 
all  of  the  problems  included,  a  typical  example  of  a  mass  of  research 
based  on  the  contingency  model,  nearly  all  of  which  has  supported  the 
model. 

Although  the  support  for  Fiedler's  theory  seems  impressive,  Shaw 
and  Blum  (1966)  point  out  that  many  of  the  studies  supporting  the 
theory  derive  leadership  style  from  personality  measures,  rather  than 
from  observations  of  leadership  behavior;  when  actual  behavior  is 
taken  into  account,  results  are  mixed  (see  also  Hare,  1976). 


SUMMARY 

No  general  statement  can  be  made  about  how  a  leader’s  general  abil¬ 
ity,  personality,  and  leadership  characteristics  atfect  group  perform¬ 
ance.  In  part,  this  lacuna  exists  because  of  the  methodological  prob¬ 
lems  inherent  in  the  research,  as  discussed  above.  But  we  also  cannot 
ascribe  any  direct  effects  on  performance  without  knowing  about  many 
other  aspects  of  the  group’s  task,  including  the  requirements  of  the 
task,  the  degree  of  structure  in  the  environment,  the  cohesiveness  of 
the  group,  the  personality  of  the  leader  and  group  members,  and  the 
interpersonal  compatibility  of  group  members.  Finally,  we  do  not  have 
much  evidence  that  good  leadership  within  a  unit  is  a  major  contribu¬ 
tor  to  good  unit  performance.  This  finding  has  the  depressing  implica¬ 
tion  that,  for  any  new  military  unit  task  contemplated,  a  separate 
analysis  of  the  task  may  be  necessary  to  predict  how  leadership  quali¬ 
ties  affect  unit  performance. 


V,  GROUP  STRUCTURE 


From  the  review  of  individual  characteristics,  it  was  learned  that  at 
least  for  some  tasks  the  presence  of  higher  general  or  specific  ability 
unit  members  leads  to  higher  unit  performance.  But  those  results, 
addressing  the  effects  of  the  ability  of  single  individuals,  do  not  tell  us 
how  to  assemble  groups  from  the  available  manpower,  especially  when 
individuals  vary  in  ability.  For  example,  when  all  group  members  con* 
tribute  to  a  task,  it  is  unclear  whether  a  homogeneous  group  with 
moderate  proficiency  or  a  heterogeneous  group  with  a  wide  range  of 
proficiency  will  produce  superior  performance.  To  address  such  ques¬ 
tions,  we  now  move  from  consideration  of  individuals  to  the  unit  as  a 
whole.  The  nature  of  groups,  considered  as  a  unit,  has  been  of  funda¬ 
mental  concern  in  social  psychology  (Carron,  1980),  and  thus  we  have 
had  to  be  selective  in  order  to  limit  the  length  of  this  review.  Our 
major  breakdown  will  be  into  studies  reviewing  (1)  characteristics  of 
group  structure,  or  composition  of  the  group,  that  affect  performance, 
and  (2)  characteristics  of  the  group  process,  or  the  interrelationships  of 
members.  We  begin  with  group  structure.  We  will  not  review  here  the 
effects  of  environmental  influence  on  group  performance  except  as 
those  influences  impinge  on  group  structure  or  process;  it  should  be 
kept  in  mind,  however,  that  such  influences  can  be  of  major  impor¬ 
tance  (see,  for  example,  Marks  and  Mirvis,  1981). 

The  literature  predicting  group  performance  from  the  structure  of 
the  group  has  focused  on  such  group  characteristics  as  size  and  turn¬ 
over  rate  as  well  as  general  ability,  proficiency  on  the  task,  personality 
characteristics,  and  interpersonal  compatibility.  Although  not  every 
study  is  reviewed  here,  the  studies  included  represent  a  wide  range  of 
tasks  and  rules  for  composing  groups  (homogeneous  groups  at  different 
levels— high,  medium,  and  low— and  heterogeneous  groups).  Particular 
attention  is  paid  to  tasks  requiring  motor  manipulation  and  physical 
coordination  among  group  members. 


SIZE  AND  TURBULENCE 

A  Naval  study  has  examined  the  subjective  size  of  a  unit  as  it  relates 
to  unit  performance,  while  an  Army  Research  Institute  project  has 
examined  the  effect  of  turnover  rate  on  performance.  Dean  et  al. 
(1979)  examined  the  influence  of  size  of  the  group  on  its  performance 
in  a  study  of  Navy  crews.  Their  basic  hypothesis  was  that  when  unit 


41 


members  feel  that  manning  levels  are  sufficiently  high,  performance 
will  be  better  than  when  the  subjective  impression  is  one  of  understaff¬ 
ing.  In  this  large-scale  study,  shipboard  crews  were  given  a  battery  of 
items  (the  “Shipboard  Habitability  and  Climate  Questionnaire”)  at  the 
beginning  of  a  six-  to  eight-month  tour  of  duty.  The  questionnaire 
assessed  many  different  aspects  of  shipboard  life,  including  quality  of 
living  conditions,  perception  of  manning  levels,  and  perceived  work 
effort  required.  In  addition,  illness  records,  age,  pay  grade,  and  a 
number  of  other  measures  were  obtained  for  each  subject,  as  well  as 
manning  information  for  different  work  groups  of  each  ship  surveyed. 
The  productivity  measures  were  subjective  ratings  made  by  department 
heads,  assessing  separately  the  dimensions  of  competence,  mainte¬ 
nance,  readiness,  stress,  efficiency,  cooperativeness,  safety,  and,  for 
petty  officers,  leadership.  The  sum  of  ratings  was  the  major  dependent 
variable  of  the  study.  Data  were  analyzed  on  the  individual  sailor  and 
shipboard  department  level,  using  regression  techniques.  Dean  et  al. 
report  that  the  actual  manning  levels  did  not  predict  productivity  well, 
but  the  manner  in  which  manpower  is  perceived  to  be  utilized  was 
important.  This  latter  was  a  composite  of  items  from  the  major  ques¬ 
tionnaire  assessing  such  items  as  perception  of  matching  abilities  to 
jobs,  extent  of  friction  within  crews,  extent  of  work  assistance  avail¬ 
able,  and  pride  of  workmanship.  It  was  concluded  that  manpower  utili¬ 
zation  perceptions  of  efficient  use  of  human  resources  should  be  closely 
monitored,  as  these  perceptions  influence  group  performance. 

An  element  of  group  structure  that  has  caused  considerable  concern 
in  the  military  is  the  replacement  of  personnel.  Folk  wisdom  holds 
that  increased  turbulence  causes  a  decrement  in  unit  performance,  as 
time  is  required  for  individuals  to  learn  each  others’  habits  and  to 
function  effectively  as  a  team.  Carron  (1980)  reviews  the  sports  litera¬ 
ture  in  this  regard,  and  shows  that  there  is  a  relationship  between 
turnover  in  major  sports  teams  and  poor  performance,  but  the  causal 
direction  for  that  finding  is  far  from  established. 

The  question  has  been  directly  addressed  in  a  study  of  tank  crew 
stability  aB  it  relates  to  tank  gunnery  performance  (Eaton,  1978b)*, 
Eaton  and  Neff,  1978).  In  the  first  study  (Eaton,  1978b),  question¬ 
naires  were  given  to  248  tank  crows  to  determine  hew  long  the  crew 
had  served  as  a  unit  and  how  long  each  member  had  served  in  his  par¬ 
ticular  role.  The  198  usable  questionnaires  were  used  to  predict  per¬ 
formance  on  the  Table  VIII  tank  gunnery  exercise.  Turbulence  was 
defined  in  terms  of  (1)  length  of  time  each  crew  member  had  been  in 
his  particular  role,  (2)  length  of  time  the  crew  had  served  together  as  a 
unit,  and  (3)  length  of  time  the  unit  had  boon  together  with  their  par¬ 
ticular  tank.  For  group  measures,  the  tank  commander  provided 
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responses;  crew  members  answered  items  about  themselves  as  individu¬ 
als.  The  various  turbulence  and  Table  VIII  score  measures  were  inter- 
correlated  with  each  other,  in  general,  any  significant  relationships 
were  weak,  in  the  range  of  0.19  to  0.28  in  absolute  value.  The  statisti¬ 
cally  significant  relationships  were  exclusively  individual  ones:  the 
experience  of  the  gunner  was  positively  related  to  the  number  of  tar¬ 
gets  hit;  and  the  experience  of  the  tank  commander  was  related  to 
main  gun  opening  time.  No  effect  for  team  turbulence  was  found.  It 
should  be  noted  that  the  length  of  experience  for  all  team  members 
except  the  tank  commander  was  fairly  short,  which  may  have 
attenuated  the  length  of  time  the  crew  could  serve  together  as  a  team, 
and  thus  weakened  any  correlations  with  performance.  As  the  next 
study  will  show,  however,  this  is  unlikely. 

Eaton  and  Neff  (1978)  extended  the  previous  study  to  an  experimen¬ 
tal  analysis  of  turbulence.  As  a  control  condition,  they  employed  the 
intact  tank  crews  of  the  previous  study.  This  first  condition  was  com¬ 
pared  with  three  experimental  conditions  especially  created  for  the 
study.  In  condition  2,  crews  were  mixed  so  that  each  member  was  in 
his  correct  role,  but  the  four  membo**  (tank  commander;  gunner, 
loader,  and  driver)  came  from  different  unita.  In  this  condition,  experi¬ 
ence  in  role  was  controlled,  but  turbulence  varied,  as  the  unit  was  arti¬ 
ficially  created  and  therefore  brand  new.  In  condition  3,  experience  as 
well  as  turbulence  was  altered.  Here,  gunners  served  as  tank  com¬ 
manders,  and  loaders  became  gunners  (driven  remained  driven,  and 
second  loaden  served  as  loaden).  Finally,  in  the  fourth  condition,  the 
tank  commander  and  driver  remained  together,  and  nonarmor  person¬ 
nel,  after  a  three-day  training  session,  served  as  gunners  aid  loaden. 
Conditions  I  and  2  did  about  the  same,  and  both  did  significantly 
better  than  condition  3.  This  demonstrates  that  individual  experience, 
and  not  the  intactness  of  the  team,  is  an  important  factor  in  tank  crew 
performance.  Finally,  condition  4  did  surprisingly  weU,  surpassing  con¬ 
dition  3  in  performance,  and  scoring  only  slightly  below  conditions  1 
and  2.  This  indicates  that  the  roles  of  tank  commander  and  driver  are 
central  to  tank  crew  performance,  with  gunnery  and  loading  duties  that 
can  be  rapidly  learned. 

The  series  of  studies  by  Eaton  and  his  co-workers  indicate  that  tur¬ 
bulence  might  not  be  as  important  a  factor  in  tank  crew  performance 
as  was  believed.  The  experimental  study  showed  that  intact  crews  do 
not  outperform  ad  hoc  assembled  crews,  and  the  field  study  showed 
that  the  length  of  time  an  intact  crew  was  together  was  onl,  nedi- 
ocre  predictor  of  performance,  However,  because  intact  crews  in  both 
studies  had  generally  been  intact  only  for  a  short  time,  the  possibility 
that  extended  time  together  could  influence  crew  performance  cannot 
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be  ruled  out.  A  true  test  of  this  hypothesis  would  call  for  a  major 
extension  of  the  Eaton  and  Neff  study  in  which  crews  were  randomly 
assigned  to  either  lengthy  (1  year  or  more)  duty  together  or  shorter 
periods  together  with  crew  shifts.  This  would  be  a  complicated  and 
expensive  study,  and  whether  the  benefit  would  outweigh  the  cost  is 
not  dear. 


DISTRIBUTION  OF  GENERAL  ABILITY1 

Although  it  seems  intuitively  obvious  that  a  group’s  performance 
depends  on  the  distribution  of  abilities  of  its  members,  there  is  more 
theoretical  discussion  than  empirical  research  on  this  topic.  A  theoret¬ 
ical  formulation  by  Steiner  (1972)  is  useful  for  showing  when  hetero¬ 
geneity  of  abilities  h  likely  to  be  advantageous  for  group  productivity 
and  performance.  Steiner  developed  a  catalogue  of  five  types  of  tasks, 
and  discusses  for  each  the  effects  of  heterogeneity  of  member  ability  on 
group  performance.  This  formulation  posits  that  group  composition 
will  interact  with  the  requirements  of  die  group  task;  for  some  tasks, 
heterogeneity  of  abilities  is  beneficial  for  group  performance,  whereas 
for  other  tasks,  heterogeneity  is  detrimental.  For  still  other  tasks,  the 
range  of  abilities  in  the  group  is  irrelevant  to  group  productivity. 

Steiner’s  catalogue  includes  the  following  types  of  tasks:  disjunctive, 
conjunctive,  additive,  discretionary,  and  divisible.  In  disjunctive  tasks, 
group  performance  is  determined  by  the  ability  of  the  group’s  most 
competent  member.  The  task  most  often  cited  is  rope-pulling,  where 
each  team  nominates  one  person  to  puli  the  rope.  If  two  teams  have 
equal  means,  the  more  heterogeneous  team  will  win.  In  conjunctive 
tasks,  the  group’s  performance  depends  on  the  ability  of  the  least  com¬ 
petent  member.  A  team  of  mountain  climbers,  for  example,  can 
proceed  no  faster  than  its  slowest  member.  When  two  teams  have 
equal  mean  ability,  the  more  homogeneous  will  move  faster.  In  addi¬ 
tive  tasks,  group  performance  is  an  additive  combination  of  all  group 
members’  abilities,  as  in  team  rope-pulling  in  which  all  members  of  the 
team  pull  the  rope.  Since  group  performance  is  expected  to  be  a  func¬ 
tion  of  its  total  pulling  power,  the  heterogeneity  of  abilities  is 
irrelevant.  In  discretionary  tasks,  members  of  a  group  combine  their 
efforts  in  any  way  they  choose.  When  the  task  Is  to  correctly  estimate 
the  distance  of  an  object,  for  example,  the  group  may  elect  to  pool 

^ott  that  In  this  aubaactlon  ere  art  primarily  addraaalng  tbs  distribution  of  mambar 
ability,  which  it  •  feature  of  group  structura.  To  aoma  extant,  we  will  alao  eooaldar  mean 
overall  ability,  in  a  partial  overlap  with  the  diacuaalon  of  tha  contribution  of  individual 
mambtr  ability,  abova. 
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members’  judgments  or  to  use  the  judgment  of  the  most  competent  or 
experienced  member.  For  two  groups  with  equal  means  but  different 
distributions  of  abilities*  the  more  heterogeneous  group  has  the  poten¬ 
tial  for  making  a  more  accurate  judgment  than  the  homogeneous  group, 
but  this  potential  will  be  realized  only  if  members’  judgments  are 
weighted  by  their  ability.  In  divisible  tasks,  different  group  members 
perform  different  subtasks.  The  group’s  performance  depends  on  the 
distribution  of  specialized  skills  within  the  group.  If  the  task  is  to 
build  a  bridge,  for  example,  a  group  with  specialists  in  design,  engineer¬ 
ing,  and  construction  will  produce  a  better  product  than  a  more  homo¬ 
geneous  group  in  which  all  members  possess  some  skill  in  each  area. 

Although  the  above  conclusions  are  sensible  in  the  abstract,  many 
tasks  fall  into  multiple  categories,  or  are  modified  by  the  setting  in 
which  they  are  performed.  For  example,  a  wartime  setting  imposes 
additional  constraints  on  task  performance.  Although  bridge-building 
teams  with  specialists  in  different  subtasks  may  in  theory  be  expected 
to  be  superior  to  teams  in  which  all  members  have  some  skill  in  each 
area,  the  latter  groups  may  be  more  successful  in  the  event  that  one  or 
more  members  become  incapacitated.  Such  considerations  have  rarely 
been  taken  into  account,  either  in  theoretical  discussion  or  in  designing 
empirical  research. 

The  few  studies  that  have  contrasted  heterogeneous  and  homogene¬ 
ous  groups  on  member  ability  have  produced  inconsistent  findings. 
This  is  not  surprising,  however,  because  the  ta'be  used  in  these  studies 
have  different  requirements  according  to  Steiner’s  (1972)  scheme.  Not 
only  are  the  tasks  different,  but  the  measures  of  ability  also  differ 
across  studies,  making  comparisons  difficult. 

For  example,  an  early  investigation  of  ability  composition  conducted 
by  Shaw  (1960;  see  also  Shaw,  1981)  correlated  the  average  deviation 
among  group  members’  scores  on  the  Scholastic  Aptitude  Test  and 
group  performance  on  intellectual  problem-solving  tasks.  None  of  the 
correlations  between  heterogeneity  of  ability  and  group  performance 
was  statistically  significant.  This  result  is  not  conclusive,  however, 
since  it  is  not  known  how  group  members  combined  their  resources, 
nor  is  it  clear  whether  the  ability  measure  (SAT  scores)  was  a  good 
proxy  for  the  skills  needed  to  solve  the  problem*. 

Another  series  of  studies  investigated  group  heterogeneity  in  creative 
ability.  Triandi*  and  colleagues  (Triandii,  1969a,  b,  c,  1960a,  b;  Tri- 
andis,  Hall,  and  Ewen,  1966)  formed  groups  on  the  basis  of  creativity 
and  attitudes  (for  example,  conservatism-liberalism),  The  study  with 
the  most  complete  design  formed  all  possible  combinations  of  dyads  on 
creativity  and  attitude'*  (homogeneous-liberal,  homogeneous- 
conservative,  and  heterogeneous  on  attitudes  crossed  with 
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homogeneous-creative,  homogeneous-uncreative,  and  heterogeneous  on 
creativity).  The  tasks  given  to  groups  were  intellectual  problems  (e.g., 
how  can  a  person  with  no  particular  talent  achieve  fame,  or  how  can  a 
church  in  a  poor  neighborhood  obtain  funds  to  complete  its  building). 
Independent  judges  rated  the  number  and  quality  of  the  group  boIu- 
tions.  Although  tk<i  results  were  complex,  the  major  finding  was  the 
following:  dyads  that  were  heterogeneous  in  attitudes  and  homogene¬ 
ous  in  creative  ability  produced  more  high-quality  solutions  than  (1) 
dyads  that  were  heterogeneous  in  both  attitudes  and  ability  and  (2) 
dyads  that  were  homogeneous  in  both  attitudes  and  ability.  This  result 
suggests  that,  one  characteristic  (here,  attitudes)  can  moderate  the 
effects  of  another  (ability). 

Two  other  studies  compared  group  composition  j  on  the  basis  of  abil¬ 
ity  and  attitudinal  similarity.  Ability  was  vuned  across  groups,  but 
remained  homogeneous  within  groups,  while  attitudinal  homogeneity 
was  varied.  The  first  study,  comparing  homogeneous  groups,  iB  often 
cited  as  a  good  example  of  a  divisible  task,  in  contrast  to  the  purely 
intellectual  problem-solving  tasks  typically  studied.  Of  all  the  tasks 
described  in  this  section,  it  is  probably  the  most  similar  to  small-group 
tasks  in  military  settings.  Terborg,  Castors,  and  DeNinno  (1976)  used 
field  projects  in  land  surveying.  Undergraduate  students  in  a  course  on 
land  surveying  worked  in  three-person  groups  on  three  surveying  proj¬ 
ects.  Each  project  contained  three  subtasks:  operating  the  plumb  line, 
working  the  transit,  and  writing  down  the  results.  Students  rotated 
across  the  positions  on  different  projects.  As  Terborg  et  al.  noted,  the 
task  was  not  only  divisible,  but  it  was  also  additive  (a  group's  perform¬ 
ance  was  the  sum  of  the  three  subtasks)  and  partially  disjunctive  (the 
performance  of  the  group  was  heavily  influenced  by  the  person  operat¬ 
ing  the  transit).  Group  composition  waB  determined  on  the  basis  of 
general  ability  (a  combination  of  SAT  scores  and  grade  point  average) 
and  attitudes  toward  general  topics  such  as  state  income  tax,  legal 
drinking  age,  and  athletics  (Survey  of  Attitudi  %  Questionnaire,  Byrne, 
1971).  All  groups  were  homogeneous  on  ability,  half  of  the  groups  had 
above-average  ability,  half  had  below-average  ability.  Within  each  abil¬ 
ity  type,  half  of  the  groups  had  similar  attitudes  across  group  members, 
and  half  were  composed  of  group  members  with  different  attitudes. 
Ability  and  attitude  similarity  were  expected  to  be  positively  related  to 
group  performance.  Not  surprisingly,  high-ability  groups  outperformed 
low-ability  groups.  Attitude  similarity  had  no  effect  on  performance. 
The  comparison  between  homogeneous  high-ability  and  low-ability 
groups  was  not  very  informative,  however;  more  useful  comparisons 
would  be  (1)  homogeneous  vs.  heterogeneous  groups  controlling  for 
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mean  ability,  and  (2)  comparisons  among  different  ranges  of  ability 
within  the  high-ability  and  low-ability  categories. 

In  another  study  comparing  homogeneous  groups  at  different  levels, 
Sorenson  (1973)  formed  groups  that  were  homogeneous-high  or 
homogeneous-low  in  creativity.  Half  of  the  groups  were  also  high  in 
cognitive  social  differentiation;  half  were  low  on  this  characteristic. 
Sorensen  operationalized  cognitive  social  differentiation  by  asking  par¬ 
ticipants  to  rate  other  people  on  abstract  dimensions,  such  as 
creativity,  and  classified  subjects  as  high-  or  low-differentiators  accord¬ 
ing  to  the  number  of  points  in  the  scale  they  used.  Two  types  of  tasks 
were  used:  creative  writing  and  intellectual  problem-solving;  each  task 
was  scored  on  the  basis  of  quality  and  originality  of  the  solution. 
Although  one  might  expect  that  groups  that  were  high  on  both 
creativity  and  differentiation  would  outperform  the  other  groups,  this 
was  not  the  case.  Group  performance  was  highest  when  group 
members  were  high  on  only  one  trait.  Groups  that  were  high  on  either 
creativity  or  differentiation  outperformed  both  groups  that  were  high 
on  both  traits  and  groups  that  were  low  on  both  traits.  This  result  was 
consistent  across  tasks  and  performance  measures.  Sorenson's  exami¬ 
nation  of  group  process  suggests  that  the  groups  that  were  high  on 
both  dimensions  were  so  critical  of  each  others'  ideas  that  they  had  dif¬ 
ficulty  arriving  at  final  solutions  to  the  tasks.  This  interesting  result 
shows  (1)  that  ability  characteristics  may  interact  in  unexpected  ways, 
and  (2)  that  it  is  important  to  try  to  clarify  such  unexpected  and  com¬ 
plex  results. 

In  summary,  there  is  no  general  conclusion  about  the  most  optimal 
group  composition  on  general  ability.  The  most  interesting  results, 
found  in  several  studies  using  different  tasks,  is  that  groups  composed 
of  all  high-ability  members  do  not  necessarily  perform  better  than 
groups  composed  of  members  with  moderate  ability  or  with  a  range  of 
abilities.  Since  ability  interacted  with  other  factors,  such  at  attitude 
and  cognitive  style,  homogeneous  high-ability  groups  performed  best 
only  if  they  were  heterogeneous  or  low  on  other  factors.  This  interac¬ 
tion  indicates  that  ability  is  not  the  sole  dimension  affecting  produc¬ 
tivity,  and  that  factors  entering  into  the  non-task-oriented  aspects  of 
the  group  (such  as  attitudes)  can  be  important  moderators  of  the 
effects  of  ability  mix.  The  implications  of  this  indication  will  be 
explored  below. 


TASK-RELATED  ABILITIES  AND  PROFICIENCY 
IN  THE  TASK 

We  have  discussed  group  composition  on  the  basis  of  general  ability 
variables,  including  general  scholastic  aptitude  and  creative  ability. 


Two  difficulties  in  interpreting  the  results  are  (1)  although  groups  were 
composed  on  a  particular  ability  variable,  the  observed  differences 
between  group  compositions  may  have  been  due  to  other  ability  vari¬ 
ables  not  measured,  and  (2)  general  ability  variables  typically  have  low 
correlations  with  task  performance  even  at  the  individual  level.  Less 
ambiguous  interpretations  would  arise  when  groups  are  composed  on 
the  basis  of  task-related  abilities  or  proficiency.  A  number  of  studies 
have  compared  group  compositions  using  an  ability  measure  that  is 
likely  to  be  strongly  related  to  performance:  proficiency  in  the  same 
task  to  be  performed  in  the  group  setting.  We  now  review  the  results 
of  several  of  these  studies. 

Goldman  (1965)  individually  administered  college  students  the  Won- 
dorlic  Intelligence  Test  and  then  formed  the  following  dyads  on  the 
basis  of  the  results:  high-high,  medium-medium,  low-low,  high- 
medium,  medium-low,  and  high-low.  These  dyads  then  retook  the  test 
as  a  team  to  produce  one  set  of  answers.  Although  Goldman  was  pri¬ 
marily  interested  in  comparing  individual  and  group  performance,  and 
did  not  design  the  study  to  compare  heterogeneous  and  homogeneous 
groups,  such  a  comparison  is  possible.  As  Shaw  (1971)  pointed  out, 
pooling  all  heterogeneous  groups  into  one  category  and  pooling  all 
homogeneous  groups  into  another  produces  two  categories  with  approx¬ 
imately  equal  means  at  the  outset.  The  heterogeneous  category  per¬ 
formed  significantly  better  on  the  group  task  than  the  homogeneous 
category,  suggesting  that  heterogeneous  groups  are  more  effective  than 
homogeneous  groups. 

A  similar  series  of  studies  was  conducted  by  Laughlin  and  colleagues 
(Laughlin  and  Branch,  1972;  Laughlin,  Branch,  and  Johnson,  1969). 
In  these  studies,  triads  (the  1969  study)  and  tetrads  (the  1972  study) 
completed  the  Terman  Concept  Mastery  Test  first  individually  and 
then  in  groups.  Laughlin  and  colleagues  formed  all  possible  combina¬ 
tions  of  ability:  group  compositions  ranged  from  all  high-ability  to  all 
low-ability.  As  in  the  Goldman  study,  pooling  all  homogeneous  groups 
and  pooling  all  heterogeneous  groups  produced  two  categories  with 
nearly  equal  means  on  the  pretest.  On  the  group  task,  the  heterogene¬ 
ous  category  outperformed  the  homogeneous  category.  A  particularly 
dramatic  comparison  is  that  between  homogeneous  medium-ability 
triads  and  heterogeneous  triads  with  a  high,  medium,  and  low. 
Although  the  means  of  the  two  groups  at  the  outset  were  nearly  identi¬ 
cal,  the  homogeneous  groups  achieved  «  mean  of  49.94  on  the  group 
task,  whereas  the  heterogeneous  groups  achieved  a  mean  of  63.75  (the 
maximum  possible  was  115).  A  similar  result  occurred  in  Laughlin  and 
Branch’s  (1972)  study  of  tetrads  although  the  effect  was  not  as  pro¬ 
nounced. 
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The  advantage  of  heterogeneous  over  homogeneous  grouping  ii>  the 
Goldman  (1965)  and  Laughlin  et  al.  (1969,  1972)  studies  makes  sense 
since  the  intellectual  task  can  be  seen  as  a  combination  of  Steiner's 
(1972)  disjunctive  task,  in  which  group  performance  is  a  function  of  the 
proficiency  of  the  most  competent  group  member,  and  a  discretionary 
task,  in  which  group  members  may  pool  individual  resources  any  way 
they  want.  In  both  cases,  heterogeneity  of  abilities  is  more  advanta¬ 
geous  than  homogeneity. 

The  tasks  in  the  above  studies  involved  pooling  of  resources  but  did 
not  require  true  coordination  of  efforts.  Furthermore,  they  were  purely 
intellectual  tasks.  The  final  two  studies  reviewed  here  are  important 
because  the  task  involved  motor  abilities  and  required  group  members 
to  physically  coordinate  their  efforts. 

Gill  (1979,  p.  115)  used  a  motor  maze  task  (described  in  tho  discus¬ 
sion  of  individual  characteristics)  in  which  two  members  ol  a  dyad 
operated  different  handles  that  tilted  tho  maze  board.  Individual  profi¬ 
ciency  was  ti  e  average  time  of  ten  practice  trials  and  group  proficiency 
was  measured  during  ten  group  trials.  Heterogeneous  dyads  were 
formed  on  the  basis  of  individual  proficiency  so  thAt  the  difference 
between  partners'  proficiencies  was  at  least  seven  seconds;  homogene¬ 
ous  dyads  each  had  a  range  of  four  seconds  or  less  (individual  profi¬ 
ciency  ranged  from  19.7  to  67.7  seconds).  The  mean  initial  proficiency 
of  the  heterogeneous  groups  was  the  same  as  that  of  the  homogeneous 
groups.  To  determine  the  effect  of  group  composition  on  group  per¬ 
formance,  Gill  performed  multiple  regression  analyses  of  group  per¬ 
formance  with  mean  group  proficiency  and  the  intradyadio  difference 
in  performance  as  the  predictors.  Not  surprisingly,  average  proficiency 
was  positively  related  to  group  performance:  the  higher  the  group 
mean,  the  higher  was  the  group’s  performance.  Interestingly,  however, 
the  difference  between  members'  proficiency  was  negatively  related  to 
performance  even  when  group  mean  proficiency  was  taken  into 
account.  In  other  words,  for  groups  with  the  same  mean  proficiency 
level  at  the  outset,  groups  with  a  wide  discrepancy  between  individual 
members’  proficiencies  did  worse  on  the  group  task  than  did  groups 
with  a  narrow  discrepancy  between  individuals’  proficiencies.  As  Gill 
described  the  results,  the  proficient  partner  could  not  compensate  for 
the  other  partner’s  poor  performance.  This  finding  has  a  parallel  with 
team  tasks  in  the  military.  In  tank  crew  performance,  for  example,  a 
highly  proficient  gunner  cannot  compensate  much  for  a  poor  driver. 
On  the  basis  of  Gill's  results,  a  crew  whose  members  all  have  medium 


proficiency  would  be  predicted  to  be  more  effective  than  a  crew  in 
which  some  members  have  high  proficiency  and  others  have  low  profi¬ 
ciency, 

Jones  (1974),  in  the  study  discussed  earlier  on  ability  in  major 
league  sports,  conducted  a  different  type  of  analysis  on  his  data  to 
examine  the  issue  of  arranging  teams  so  as  to  maximize  performance 
across  teams.  That  is,  if  we  wish  to  maximize  the  performance  of  a 
collective  of  teams,  does  it  matter  how  we  assign  members  to  teams? 
For  example,  is  it  better  to  have  two  teams,  one  made  up  of  the  best 
players  at  eacn  position  and  one  made  up  of  the  worst  players  at  each 
position,  or  is  it  better  to  mix  ability  levels,  if  our  objective  is  to  obtain 
the  best  possible  aggregate  score  over  the  two  teams?  Jones  examined 
this  question  in  two  manners,  one  asking  how  professional  teams  actu¬ 
ally  distributed  ability,  and  the  other  asking  whether  it  made  a  differ¬ 
ence.  The  answer  to  the  former  question  depended  on  the  sport.  In 
tennis,  baseball,  and  football,  good  players  tended  to  team  with  good 
players.  In  basketball,  on  the  other  hand,  good  players  tended  to  be 
isolated  on  different  teams.  This  is  most  likely  a  function  of  the  indi¬ 
vidual  sports,  including  how  they  are  attractive  to  audiences.  The 
second  finding  was  that  the  summed  effectiveness  over  teams  did  not 
depend  on  how  the  constituents  were  assembled.  Jones  based  this  con¬ 
clusion  on  examination  of  a  term  in  the  prediction  equation  for  per¬ 
formance  that  measured  the  interactiveness  of  the  individual  members’ 
abilities.  This  measure  has  the  effoct  of  assessing  any  performance 
differences  due  to  differential  ability  other  than  the  sum  of  player  abili¬ 
ties.  For  all  four  sports,  this  term  did  not  contribute  to  the  productive¬ 
ness  of  the  model.  This  result  implies  that,  given  a  fixed  group  of 
potential  crew  members,  you  cannot  improve  total  performance  by 
using  an  ability  measure  to  assign  members  to  subteams. 

In  summary,  the  studies  assembling  groups  on  the  basis  of  member 
proficiency  on  the  task  have  found  heterogeneous  groups  to  be  superior 
to  homogeneous  groups  on  intellectual  tasks  where  group  members 
could  pool  members’  resources  in  any  way  they  chose.  For  tasks 
requiring  true  physical  coordination  among  group  members,  however, 
heterogeneity  seems  to  be  detrimental  to  group  performance  or  to  have 
no  effect.  Because  so  few  studies  have  been  conducted  using  tasks 
requiring  coordination  among  members  but  also  permitting  some  flexi¬ 
bility  in  how  group  members  pool  their  skills,  the  relationship  between 
heterogeneity  and  group  performance  for  this  important  class  of  tasks 
remains  to  be  investigated. 
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HOMOGENEITY  OF  PERSONALITY  AND  COGNITIVE 
STYLES 

A  number  of  studies  have  compared  heterogeneous  and  homogeneous 
groups  on  personality  characteristics  and  cognitive  style.  The  per¬ 
sonality  characteristics  examined  include  general  personality  profiles, 
supervisory  ability  and  decisionmaking  approach,  concrete  vs.  abstract 
problem-solving  styles,  reflective  vs.  active  problem-solving  styles,  and 
interpersonal  effectiveness.  As  we  shall  see,  the  evidence  on  the 
superiority  of  homogeneity  vs.  heterogeneity  is  mixed,  depending  on 
the  characteristics  measured  and  task  performed.  Here,  we  shall  exam¬ 
ine  personality  and  cognitive  characteristics  that  are  related  to  the 
task,  whereas  in  the  following  subsection,  we  will  examine  personality, 
cognitive,  and  social  characteristics  of  the  group  that  are  related  to  its 
social  composition. 

Hoffman  and  colleagues  (Hoffman,  1959;  Hoffman  and  Smith,  I960; 
Hoffman  and  Maier,  1961)  have  compared  personality  profiles  of  group 
members  to  group  performance.  For  example,  Hoffman  and  Maier 
(1961)  used  the  Guilford  Temperament  Survey  to  measure  ten  per¬ 
sonality  variables,  and  formed  groups  whose  members  had  similar  pro¬ 
files  (homogeneous  groups)  or  whose  members  had  different  profiles 
(heterogeneous  groups).  Groups  worked  on  four  discussion  problems 
(e.g.,  develop  a  method  for  permitting  five  men  to  cross  a  heavily 
mined  road,  or  decide  how  to  allocate  hinds  from  a  limited  source  to 
needy  students).  Independent  judges  rated  the  quality  of  the  groups' 
solutions  to  these  problems.  On  three  of  the  four  problems,  hetero¬ 
geneous  groups  scored  higher  than  homogeneous  groups.  On  the  fourth 
problem,  the  two  kinds  of  groups  performed  equally  well.  Hoffman  and 
Maier  hypothesized  that  heterogeneous  groups  were  superior  because 
they  represented  diverse  problem-solving  perspectives.  Although  their 
interpretation  is  reasonable,  Steiner  (1972)  points  out  that  hetero¬ 
geneity  of  personality  is  not  necessarily  correlated  with  heterogeneity 
of  viewpoints.  Another  interpretation  of  this  result  is  that  groups  with 
varying  member  personality  profiles  are  more  compatible  than,  groups 
in  which  all  members  exhibit  the  same  personality  characteristics. 
This  issue  will  be  discussed  below  in  the  subsection  entitled  “Interper¬ 
sonal  Compatibility.” 

The  studies  comparing  group  composition  based  on  single  personal¬ 
ity  characteristics  generally  agree  with  Hoffman  et  al.'s  conclusions 
that  group  heterogeneity  is  superior  to  group  homogeneity,  although 
the  explanations  for  the  results  vary  from  study  to  study.  Lampkin 
(1972),  for  example,  compared  five  group  compositions  using  need  for 
dominance  (need  to  assert  influence  over  others),  one  of  the  variables 
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in  the  personality  profiles  used  in  the  Hoffman  et  al.  studies.  The  five 
group  compositions  were  homogeneous-high,  homogeneous-medium, 
homogeneous-low,  two  high  and  one  low,  and  one  high  and  two  low. 
The  task  given  to  triads  was  a  consensus  decisionmaking  problem. 
Group  members  were  shown  three  visual  patterns  on  a  television 
screen,  in  which  two  of  the  three  patterns  were  identical  and  the  third 
differed  in  minor  detail,  and  were  asked  to  reach  a  consensus  decision 
about  the  matching  patterns.  Since  participants  in  the  study  had  been 
trained  previously  to  perform  the  task  individually  at  a  high  level  of 
accuracy,  the  accuracy  of  decisions  was  constant  across  groups,  ranging 
from  75  to  80  percent  correct.  The  measure  of  group  performance  was, 
therefore,  the  time  taken  to  reach  a  decision.  In  all  sessions  of  the 
study,  heterogeneous  groups  reached  consensus  significantly  faster  than 
homogeneous  groups.  Not  only  was  this  true  on  the  average,  but  also 
the  two  categories  of  group  composition  showed  nonoverlapping  distri¬ 
butions:  the  slowest  heterogeneous  group  composition  was  faster  than 
the  fastest  homogeneous  group  composition. 

Lampkin  (1972)  offered  the  following  explanation  for  the  relative 
inefficiency  of  homogeneous  groups:  homogeneous  high-dominant 
groups  spent  much  of  their  time  trying  to  change  each  other’s  opinions, 
and  homogeneous  low-dominant  groups  spent  time  ascertaining  each 
other’s  opinions  without  trying  to  achieve  consensus.  In  contrast, 
heterogeneous  groups  spent  relatively  little  time  communicating  and 
reached  consensus  the  fastest.  In  Lampkin’s  study,  since  accuracy  was 
held  constant,  group  efficiency  in  decisionmaking  could  only  be  inter¬ 
preted  as  a  desirable  outcome.  In  real  settings,  however,  there  may  be 
a  tradeoff  between  the  time  taken  to  reach  a  group  decision  and  the 
accuracy  of  the  decision.  The  effect  of  group  heterogeneity  in  its 
members'  need  for  dominance  on  the  optimization  of  speed  and  accu¬ 
racy  has  not  yet  been  investigated  in  settings  where  accuracy  is  free  to 
vary.  In  decisions  of  timing  (Rapoport  et  al.,  1978),  where  the  decision 
of  what  to  do  is  less  crucial  than  the  decision  of  whan  to  do  it  (such  as 
firing  a  SAM),  Lampkin’s  results  may  be  applicable. 

Two  often-cited  studies  have  compared  groups  with  different  distri¬ 
butions  of  supervisory  ability  and  decisionmaking  approach  (Ghiselli 
and  Lodahl,  1958;  Lodahl  and  Porter,  1981).  Supervisory  ability  and 
decisionmaking  approach  are  two  scales  of  GhiselU’s  Self-Description 
Inventory  (Ghiselli,  1954).  The  first  scale  differentiates  between  per¬ 
sons  believed  adequate  for  supervisory  responsibilities  and  those 
believed  inadequate,  and  the  second  scale  differentiates  people  on  such 
characteristics  as  self-reliance,  general  activity,  and  willingness  to  take 
action  based  on  their  assessment  of  the  situation  and  their  own  abili¬ 
ties  (see  Porter  and  Ghiselli,  1957). 
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These  studies  are  particularly  noteworthy  because  they  used  nonin¬ 
tellectual  tasks.  In  the  GhiselU-Lodahl  study,  groups  operated  a  model 
railroad  which  had  two  trains  going  in  opposite  directions.  There  were 
two  sets  of  electrical  control  panels  with  switches  that  controlled  the 
trains  and  track.  Group  performance  was  based  on  the  number  of 
timer  both  trains  circled  the  track  without  wrecks  or  derailments.  The 
Lodahl-Pofter  study  eaamined  intact  groups  of  industrial  workers 
(predominantly  airplane  maintenance  crews)  performing  their  usual 
jobs 

Both  studies  found  that  the  distribution  of  supervisory  ability  and 
decisionmaking  approach  in  a  group  influenced  group  productivity. 
However,  the  results  of  the  studies  were  in  opposite  directions.  In  the 
Ghiseili-Lodahl  study,  neither  the  mean  score  hor  the  highest  score  in 
the  group  on  supervisory  ability  or  decisionmaking  approach  related  to 
productivity.  The  difference  between  the  two  highest  scores  and  the 
positive  skewness  of  the  scores  in  the  group  (for  both  scales),  in  con¬ 
trast,  were  positively  related  to  productivity  (correlations  ranged  from 
0.44  to  0.82).  Thus, 

whether  or  not  the  gioup  jontains  s  person  who  stands  high  in 
approach  to  decision  making,  that  is,  tends  to  be  self-sufficient  in 
decision  making,  is  not  significantly  related  to  group  performance. 
However,  if  the  group  possesses  such  a  person  ana  his  position  in  the 
group  on  this  trait  is  relatively  uncontested,  then  the  group  is  likely 
to  be  superior  in  productivity. . . .  When  the  group  possesses  an 
individual  who  is  uncontested  iu  this  trait  and  the  remaining 
members  of  the  group  are  homogeneous  with  respect  to  it,  then  there 
is  e  very  high  degree  of  likelihood  that  the  productivity  of  the  group 
will  be  high.  (Ghiselli  and  Lodahl,  1968,  p.  64.) 

This  same  conclusion  applies  to  supervisory  ability.  As  Steiner  (1972, 
p.  120)  summarized,  “Heterogeneous  groups  were  more  successful  than 
homogeneous  ones,  but  it  was  only  the  difference  between  the  top 
member  and  all  the  rest  that  really  mattered.” 

The  significant  findings  in  the  Lodahl-Porter  study  contradicted 
those  of  the  above  study.  Lodahl  and  Porter  correlated  the  produc¬ 
tivity  of  airplane  maintenance  crews  with  the  group  mean,  hetero¬ 
geneity  of  scores  within  the  group  (the  standard  deviation),  skewness, 
and  the  leadman’s  percentile  position  in  the  group.  The  leadman  in  a 
group  was  a  mechanic  with  high  seniority  in  the  company  who  was 
judged  by  management  to  have  considerable  influence  over  other  team 
members.  At  in  the  Ghiseili-Lodahl  study,  the  group  mean  was  unre¬ 
lated  to  productivity.  The  similarity  between  the  two  studies  ends 
there,  however.  Positive  skewness  and  the  leadman’s  percentile  posi¬ 
tion  in  the  group  were  both  negatively  related  to  productivity,  as  well  as 
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the  heterogeneity  of  supervisory  ability  within  the  group.  The  correla¬ 
tions  for  heterogeneity  and  leadman’s  percentile  position  were  statisti¬ 
cally  significant,  whereas  skewness  approached  significance.  Lodahl 
and  Porter  explained  these  findings  by  suggesting  that  heterogeneity  of 
supervisory  scores  is  associated  with  low  cohesiveness,  which  is  associ¬ 
ated  with  low  productivity  (cohesiveness  and  productivity  correlated 
0.54).  Furthermore,  they  suggested  that  the  supervisory  ability  of  the 
leadxnan  was  negatively  related  to  his  popularity,  which  in  turn  was 
related  to  productivity  (the  leadm&n’s  popularity  correlated  0.64  with 
productivity).  This  interpretation  is  related  to  a  major  distinction 
between  the  two  studies:  ad  hoc  groups  that  functioned  for  a  short 
time  vs.  intact  groups  that  functioned  together  for  months  or  years. 
The  impact  of  heterogeneity  of  supervisory  ability  and  decisionmaking 
approach  (as  well  as  other  characteristics)  may  differ  in  the  two  set¬ 
tings.  Certainly,  it  is  doubtful  that  cohesiveness  and  popularity  (possi¬ 
ble  mediating  variables  between  supervisory  ability  and  productivity) 
have  major  influences  on  the  short-term  functioning  of  ad  hoc  groups. 

The  third  dispositional  characteristic  used  to  form  groups  is  concrete 
vs.  abstract  problem-solving  style.  Tuckman  (1964)  defined  four  levels 
of  this  variable  ranging  from  very  concrete  to  very  abstract,  and  then 
composed  homogeneous  groups  at  each  level.  Groups  then  played  a 
stock  market  game  which  is  “an  emulation  of  the  stock  exchange  where 
teams  buy  and  sell  stocks  and  bonds  in  order  to  accumulate  more  profit 
than  their  competitors"  (Tuckman,  1964,  pp.  478-479).  Groups  were 
awarded  points  and  cash  prizes  according  to  their  ranks  on  not  accu¬ 
mulated  gain.  In  keeping  with  the  above  findings  on  individual  per¬ 
sonality  characteristics,  there  was  no  relationship  between  abstractness 
of  group  members  and  group  performance;  profit  could  be  gained  by 
using  either  concrete  or  abstract  strategies. 

Tuckman  (1967)  conducted  a  second  study  employing  the  psycholog¬ 
ical  dimensions  of  dominance  and  abstractness/concreteness  to  exam¬ 
ine  heterogeneity.  Two  military-type  tasks  were  used,  one  a  structured 
object  identification  task  and  the  other  an  unstructured  hypothetical 
tactical  exercise.  Twelve  three-man  groups  of  Navy  enlisted  men 
volunteered  as  subjects,  performing  both  tasks.  Groups  were  homo¬ 
geneous  on  none,  one,  or  both  of  the  two  dimensions.  As  expected,  in 
the  unstructured  task,  groups  in  which  abstract  subjects  were  the 
majority  outperformed  groups  with  a  majority  of  concrete  members. 
The  reverse  did  not  hold  true  on  the  structured  task,  however,  as  there 
were  no  differences  due  to  independent  variables.  The  groups  inter¬ 
mediate  in  homogeneity  (mixed  on  dominance,  but  homogeneously 
abstract)  did  best  on  the  unstructured  task,  but  worst  on  the  structured 
task.  In  general,  no  evidence  for  superiority  of  homogeneous  groups 


was  found.  Tuckman  conjectured  that  an  intermediate  level  of  hetero¬ 
geneity  suppresses  the  formation  of  a  group  structure  which  would  aid 
in  structured  and  hinder  in  unstructured  tasks,  but  how  homogeneous 
and  heterogeneous  groups  can  both  form  structures  while  intermediate 
ones  cannot  is  not  explained. 

Lord  and  Rowzee  (1979)  did  not  compose  groups  in  a  particular  way 
but  instead  correlated  the  heterogeneity  (standard  deviation)  of  groups 
on  abstract  vs.  concrete  problem-solving  styles  with  group  performance 
on  four  tasks.  The  tasks  included  cryptograms,  pairing  statements 
with  implications  of  the  statements,  sorting  a  deck  of  playing  cards 
into  groups  with  different  sums,  and  constructing  sentences  from  words 
written  on  individual  cards.  Consistent  with  Tuckman’*  (1967)  result, 
none  of  the  linear  correlations  between  heterogeneity  and  performance 
was  significant  (the  highest  correlation  was  0.10);  unfortunately,  the 
authors  did  not  test  for  the  curvilinearity  Tuckman  did  find. 

The  same  study  also  examined  the  relationship  between  hetero- 
gencity  of  reflective  vs.  active  problem-solving  styles  and  group  per¬ 
formance  on  the  tasks  described  above.  Contrary  to  the  results  for 
abstract  vs.  concrete  problem-solving  styles,  Lord  and  Rowzee 
obtained  a  significant  negative  correlation  for  the  cryptogram  task. 
The  greater  the  standard  deviation  of  this  problem-solving  style  in  the 
group,  the  poorer  was  group  performance.  The  investigators  attributed 
this  result  to  communication  difficulty  in  groups  with  a  wide  dispersion 
on  problem-solving  stylo.  On  a  post-experimental  questionnaire,  par¬ 
ticipants  reported  on  u.uir  group’s  difficulties  in  communication. 
Heterogeneity  on  the  reflective/active  dimension  was  positively  related 
to  communication  difficulty.  Heterogeneity  on  the  abstract/concrete 
dimension,  in  contrast,  was  not  related  to  communication  difficulty, 
which  the  investigators  used  to  help  explain  the  different  results  for 
the  two  problem-solving  styles. 

Roberts,  Meeker,  and  Aller  (1972),  in  their  examination  of  Naval 
officers  who  attributed  causality  to  force,  strategy,  or  both  (see  Sec.  Ill 
on  individual  personality  meaaureo),  found  that  heterogeneous  groups 
had  better  performance  in  a  decisionmaking  game  than  did  homogene¬ 
ous  groups.  Apparently,  having  a  variety  of  opinions  about  the  struc¬ 
ture  of  the  problem  allowed  for  more  successful  performance. 

The  final  characteristic,  interpersonal  effectiveness,  waB  studied  by 
Bouchard  (1972).  Bouchard  defined  interpersonal  effectiveness  as  the 
sum  of  the  first  five  scales  of  the  California  Psychological  Inventory: 
dominance,  capacity  for  status,  sociability,  social  presence,  and  self¬ 
acceptance.  Homogeneous  groups  were  formed  that  were  high  or  low 
on  this  composite.  Groups  were  asked  to  brainstorm  on  names  for  a 
new  toothpaste,  uses  for  an  old  tire,  and  uses  for  an  extra  opposable 


thumb.  The  group’s  ideas  were  scored  according  to  number  and  qual¬ 
ity.  On  only  one  task  and  for  only  one  outcome  measure  was  there  any 
effect  for  group  compositions:  high  interpersonal-effectiveness  groups 
produced  ideas  of  higher  quality  for  the  opposable  thumb  problem  than 
did  low  interpersonal-effectiveness  groups.  This  significant  result  was 
explained  on  the  basis  of  the  well-developed  social  skills,  verbal 
fluency,  and  outgoingness  of  persons  scoring  high  on  the 
interpersonal-effectiveness  measure.  The  lack  of  significant  results  for 
the  other  tasks,  however,  raises  doubts  about  the  reliability  of  the  sig¬ 
nificant  result. 

In  summary,  the  studies  relating  personality  composition  to  group 
performance  demonstrate  that  the  particular  measures  of  personality, 
tusk  requirements,  and  group  composition  each  affect  results  in  major 
ways.  The  studies  that  reported  heterogeneous  groups  to  be  superior  to 
homogeneous  groups  used  general  personality  profiles  to  predict  per¬ 
formance  on  discussion  problems,  need  for  dominance  to  predict  group 
decisionmaking  performance,  and  supervisory  ability  and  decisionmak¬ 
ing  approaches  to  predict  group  perceptual-motor  task  performance. 
The  studies  showing  homogeneous  groups  to  be  superior  to  heterogene¬ 
ous  groups  predicted  group  perceptual-motor  task  performance  from 
supervisory  ability  and  intellectual  problem  performance  from  reflec¬ 
tive  vs.  active  problem-solving  style.  The  studies  showing  no  difference 
in  performance  between  heterogeneous  and  homogeneous  groups  exam¬ 
ined  abstract  vs.  concrete  problem-solving  styles  for  intellectual  prob¬ 
lems  and  games.  Such  a  large  range  of  outcomes  of  variables  indicates 
that  any  novel  personality -task  combination  should  be  investor*^  in 
its  own  right. 


INTERPERSONAL  COMPATIBILITY 

Closely  related  to  group  composition  on  the  basis  of  personality  and 
dispositional  characteristics  is  the  compatibility  of  group  members.  In 
fact,  many  researchers  and  reviewers  use  the  terms  interchangeably. 
Here,  we  shall  concentrate  on  those  aspects  of  homogeneity  and 
heterogeneity  of  group  structure  that  have  an  impact  on  intragroup 
relations;  in  this  sense,  interpersonal  compatibility  serves  as  a  bridge 
between  group  structure  and  group  process. 

A  number  of  sports  pbychology  studies  have  addressed  social  and 
personal  homogeneity  and  heterogeneity  of  group  members  as  they 
influence  performance.  A  review  article  by  Eitzen  (1978)  expresses  the 
folk  wisdom  of  the  field  when  it  states  the  viewpoint  that  more  homo¬ 
geneity  in  a  croup  leads  to  positive  bonds,  which  in  turn  lead  to  better 


performance  in  interactive  groups.  Heterogeneity  leads  to  cliques  and 
separation  of  the  group.  Eitzen  cites  several  studies  showing  that 
player  turnover  in  major  sports  such  as  European  soccer  and  American 
major  league  baseball  are  associated  with  less  success,  but  he  does  not 
emphasize  that  the  causal  connection  between  these  two  phenomena  is 
not  at  all  clear. 

One  of  the  studies  supporting  this  viewpoint  most  strongly  is  by 
Eitzen  (1973),  in  which  he  assessed  the  social  homogeneity  and  success 
of  basketball  teams  from  small  high  schools  throughout  the  state  of 
Kansas.  In  this  study,  data  were  obtained  from  coaches  of  small  Kan¬ 
sas  high  schools  (less  than  700  enrollment).  Of  the  366  coaches  who 
were  queried,  288  responded.  Respondents  were  asked  to  provide  data 
on  their  starting  five  players,  giving  race,  father’s  occupation,  status  in 
town  (high  vs.  low),  religion,  and  distance  of  residence  from  town  (in 
town,  out  of  town).  Homogeneity  was  defined  as  four  out  of  the  five 
players  the  same  for  the  status,  residence,  and  religion  questions,  and 
below  the  median  in  absolute  distance  from  the  mean  for  the  parental 
socioeconomic  status  question.  Race  was  discarded  because  so  few 
Kansans  in  small  towns  were  not  white.  For  each  dimension  of  homo¬ 
geneity,  a  chi-square  analysis  setting  success  (winning  more  gameB 
than  losing)  against  the  homogeneity  measure  was  performed.  In  addi¬ 
tion,  coaches  were  asked  to  indicate  the  extent  to  which  their  starting 
five  players  belonged  to  cliques,  This  measure,  also,  was  compared  to 
the  four  homogeneity  measures.  It  was  found  that  for  each  of  the  four 
measures,  heterogeneity  was  associated  with  increased  incidence  of 
cliques,  and,  moreover,  the  more  dimensions  on  which  the  group  was 
heterogeneous,  the  more  likely  were  cliques.2  Using  only  the  raw  meas¬ 
ures  of  homogeneity,  only  homogeneity  of  family  status  predicted 
winners,  but  a  summary  measure  of  number  of  dimensions  of  homo¬ 
geneity  was  monotonically  related  to  the  likelihood  of  being  a  winning 
team.  A  breakdown  of  teams  into  those  with  and  without  cliques 
showed  that  for  teams  without  cliques,  the  more  homogeneity,  the  more 
a  team  won,  but  for  teams  with  cliques,  homogeneity  was  not  related  to 
success.  This  study,  then,  indicates  that  the  more  a  team  is  socially 
homogeneous  and  free  of  divisive  factions,  the  better  it  can  function. 

Eitzen's  results  are  not  confirmed  by  other  studies.  Melnick  and 
Cheniers  (1974)  examined  the  degree  of  status  homogeneity  in  21 
university  intramural  basketball  teamB,  and  found  no  correlation 
between  these  pretournament  measures  and  performance  in  the  basket¬ 
ball  season.  Foeldesi  (1976),  in  a  small-sample  intense  study  of  the 

^Thia  could  bs  because  of  collinearity;  the  conflations  among  ths  various  dimsnuions 
of  homogeneity  wsra  not  reported. 
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Hungarian  national  rowing  team,  found  no  evidence  that  homogeneity 
of  socioeconomic  status  affected  performance.  Klein  and  Christiansen 
(1966)  found  the  contrary  result  that  heterogeneous  teams,  with  respect 
to  need  for  achievement,  outperformed  homogeneous  teams  in  West 
German  basketball  teams.  All  these  studies  began  with  a  belief  in  the 
homogeneity -leads-to-superior-performance  hypothesis,  so  their  results 
were  “unanticipated.”  However,  these  essentially  negative  results 
might  be  attributable  to  a  selection  bias,  such  that  only  individuals 
predisposed  to  team  commitment  play  in  major  sports  competitions, 

Altman  and  Haythorn  (1967)  examined  the  effectB  of  social  homo¬ 
geneity  on  four  personality  dimensions:  need  for  achievement,  need  for 
affiliation,  dogmatism,  and  need  for  dominance  in  a  small-sample  com¬ 
plicated  experiment  using  volunteer  Navy  recruits.  Thirty-six  subjocts 
were  paired  into  dyads  who  were  both  high,  both  low,  or  heterogeneous 
with  respect  to  the  four  personality  dimensions  in  a  Greco-Latin  square 
design.3  Performance  was  measured  on  an  individual  vigilance  task  and 
on  two  group  tasks  requiring  interaction.  In  addition,  half  of  the  dyads 
were  examined  in  conditions  of  social  isolation,  where  they  lived 
together  with  no  other  social  contact,  whereas  the  other  half  lived  on  a 
Navy  base.  This  isolation  condition,  extending  earlier  work  that 
demonstrated  that  individuals  in  social  isolation  show  strong  perform¬ 
ance  decrements,  was  of  major  interest  to  the  researchers.  Results 
showed  a  slight  decrement  in  performance  on  the  individual  task  for 
the  isolated  dyads,  but  enhanced  performance  on  the  group  tasks. 
Moreover,  the  anticipated  enhancement  of  performance  with  homo¬ 
geneity  was  not  obtained;  in  general,  heterogeneous  dyads  outper¬ 
formed  homogeneous  ones  of  either  level  on  the  personality  dimen¬ 
sions.4  Thus,  this  study  also  argues  against  the  homogeneity-leads-to- 
improved-performance  hypothesis,  and  is  free  from  the  subject  selec¬ 
tion  bias  that  affected  the  sports  team  studies.  However,  the  limitation 
to  groups  of  size  n-2  restricts  any  generalizability  to  larger  groups 
(Rapoport,  1971). 

In  addition  to  social  homogeneity,  which  measures  closeness  between 
individual  group  members,  status  congruency,  which  measures  the 
extent  to  which  group  members  are  ranked  similarly  on  different 
dimensions,  has  been  studied.  To  illustrate  the  concept,  status 

3Such  a  design  permits  one  to  use  nine  groups  to  examine  the  four  dimensions 
independently.  But  it  must  be  assumed  that  the  various  personality  dimensions  do  not 
interact  with  each  other;  for  example,  one  must  assume  that  there  is  nothing  about  a 
group  heterogeneous  in  both  dogmatism  and  need  for  dominance  that  dost  not  arise  from 
considering  each  dimension  separately.  Such  an  assumption  is  at  best  questionable. 

^Subjects  were  deliberately  matched  on  age,  siie  of  hometown,  education,  religion,  and 
family  siie,  so  heterogeneity  may  have  been  a  way  for  subjects  to  maintain  a  sen*,  of 
individuality. 
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congruency  exists  in  a  military  organization  if  families  of  higher* 
ranked  enlisted  men  are  higher  in  .social-economic  status.  It  has  been 
shown  (e.g.,  Kahan  and  Poitou,  1073)  that  people  will  create  status 
congruency  in  their  minds  even  when  there  is  no  basis  for  it  in  fact. 
The  folk  wisdom  is  that  groups  will  perform  better  when  there  is  status 
congruency,  because  roles  are  better  defined,  making  coordination 
easier. 

Again,  the  folk  wisdom  may  be  questioned.  The  Melnick  and  Che* 
mere  ‘(1974),  Foeldesi  (1976),  and  Klein  and  Christiansen  (1966)  studies 
cited  earlier  also  examined  status  congruency,  and  no  influence  of  its 
effect  was  found  on  performance.  Adams  (1963)  measured  status 
congruency,  social  liking,  and  performance  of  U.S.  Air  Force  bomber 
crews,  and  found  that  in  spite  of  a  direct  relationship  between  social 
liking  and  congruency,  there  was  an  unusual  relationship  between 
degree  of  congruency  and  performance,  where  performance  increased 
with  a  small  increase  of  congruency,  and  then  fell  off  sharply  as  high 
levels  of  congruency  were  found.  Adams  offered  no  explanation  for 
this  finding;  one  may  speculate  that  when  status  congruoncy  is  high, 
distinct  social  classes  within  a  crew  form  which  make  communication 
and  therefore  coordination  more  difficult.  This  finding,  which  is  over 
30  years  old,  should  be  replicated  using  modem  soldiers  and  modem 
statistical  techniques. 

Reddy  (1976,  p.  178)  points  out  that  questions  of  heterogeneity- 
homogeneity  or  congruence  of  member  characteristics  and  compatibil¬ 
ity  of  member  characteristics  are  not  the  same,  and  describes  an 
important  distinction  between  the  two: 

Homogeneity  vs.  heterogeneity  implies  dissimilarity  of  traits  or  vari¬ 
ables,  while  compatible  vs.  incompatible  implies  non-complementary 
needs.  Thus,  while  individuals  may  be  homogeneous  on  a  number  of 
personality  traits  or  variables,  they  may  be  quite  incompatible  in 
terms  of  their  interpersonal  needs. 

A  good  example  of  homogeneous  but  incompatible  groups  is  the  homo¬ 
geneous  high-dominant  group  composition  in  the  Lampkin  (1072) 
study  discussed  in  the  previous  subsection.  The  tendency  for  all  group 
members  to  try  to  change  each  others’  opinions  was  counterproductive 
for  group  functioning.  To  complicate  matters,  compatibility  may 
involve  homogeneity  on  some  characteristics  and  heterogeneity  on  oth¬ 
ers. 

One  of  the  first  researchers  to  develop  a  coherent  theory  and  meas¬ 
urement  system  for  compatibility  was  Schutz  (1968),  who  hypothesised 
three  interpersonal  needs:  inclusion,  control,  and  affection.  To  meas¬ 
ure  an  individual’s  desire  to  express  behavior  and  desire  to  receive 
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behavior  in  each  interpersonal  need  area,  he  developed  a  scale  called 
the  Fundamental  Interpersonal  Relationship  Orientation-Behavior 
(FIRO-B).  A  sizable  number  of  studies  investigating  the  relationship 
between  compatibility  and  group  performance  have  used  the  FIRO-B 
scale. 

Schutz  used  the  FIRO-B  scale  to  illustrate  the  relationship  between 
compatibility  and  need  for  affection  and  productivity.  He  composed 
groups  that  were  compatible— half  of  the  groups  preferred  close,  inti¬ 
mate  relationships  and  half  of  the  groups  preferred  to  keep  others  at  a 
distance— and  groups  that  were  incompatible  (some  members  preferred 
close  relationships  and  some  preferred  distant  relationships).  All 
groups  were  matched  on  general  intelligence.  The  groups  performed  14 
tasks  over  a  six-week  period,  including  discussion  tasks  (choose  a  name 
for  the  group),  modified  chess-type  gam^s,  and  structure  building.  On 
all  tasks,  compatible  groups  outperformed  incompatible  groups. 
Interestingly,  there  was  no  difference  in  performance  between  the  two 
types  of  compatible  groups. 

The  research  following  Schutz  on  group  compatibility  and  perform¬ 
ance  has  been  conducted  in  experimental  and  natural  settings.  Each 
setting  will  be  considered  in  turn. 

The  experimental  studies  have  used  building,  intellectual  problem¬ 
solving,  and  creative  writing  tasks.  Hewett,  O’Brien,  and  Homik 
(1974)  and  O’Brien,  Hewett,  and  Homik  (1972)  formed  groups  that 
were  compatible  or  incompatible  on  all  three  interpersonal  need  areas 
on  the  FIRO-B  scale.  The  groups  were  instructed  to  construct  as  many 
molecular  models  as  possible  within  a  40-minute  work  period.  The 
task  organization  was  farther  divided  into  two  conditions:  collabora¬ 
tive,  in  which  all  group  members  were  required  to  work  together  on  all 
parts  of  the  model,  and  noncoilaborative,  in  which  each  group  member 
had  sole  responsibility  for  building  one  model  at  a  time.  The  group’s 
score  was  the  total  number  of  correct  connections  between  segments  in 
the  models  constructed.  In  the  O’Brien  et  al.  (1972)  study,  compatible 
groups  were  more  productive  than  incompatible  groups  in  the  colla¬ 
borative  condition,  but  were  less  productive  than  incompatible  groups 
in  noncoilaborative  condition.  In  the  Hewett  et  al.  (1974)  study,  in 
contrast,  compatible  groups  were  superior  to  incompatible  groups  in 
both  conditions.  Hewett  et  al.  suggested  that  the  somewhat  conflicting 
results  in  the  two  studies  may  be  due  to  the  difference  in  leader  power: 
in  the  1972  study,  an  appointed  leader  was  given  instructions  for  the 
task  and  was  directed  to  explain  them  to  all  other  group  members, 
whereas  in  the  1974  study,  all  group  members  received  the  instructions 
simultaneously.  In  the  noncoilaborative  condition  of  the  1972  study, 
compatible  groups  may  have  spent  more  time  discussing  the  project 
with  tho  “leader”  than  doing  the  work. 
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Reddy  and  Byrnes  (1972)  also  compared  compatible  anJ.  incompat¬ 
ible  groups  on  a  construction  task.  The  group’s  task  was  to  build  a 
model  of  a  man  out  of  Lego  blocks,  copying  a  completed  model.  The 
measure  of  group  performance  was  the  time  to  completion.  For  each 
group,  compatibility  scores  were  computed  separately  for  inclusion, 
control,  and  affection.  Compatibility  scores  were  then  correlated  with 
the  group  performance  scores.  Compatibility  on  control  and  affection 
were  positively  related  to  group  performance,  whereas  compatibility  on 
inclusion  was  not  related  to  performance.  Although  reporting  results 
separately  by  area  of  interpersonal  need  is  informative  and  important, 
without  also  computing  an  overall  compatibility  index  it  is  difficult  to 
compare  Reddy  and  Byrnes’  results  to  those  of  Hewett  et  al.  (1974)  and 
O’Brien  et  al.  (1972)  reviewed  above. 

Instead  of  using  a  building  task,  Moos  and  Speisman  (1962)  gave 
dyads  a  pegboard  task  known  as  the  “Tower  of  Hanoi”  problem.® 
Groups  were  scored  on  the  amount  of  time  and  number  of  moves 
needed  to  complete  the  task.  Half  of  the  groups  were  compatible  on 
the  basis  of  all  three  need  areas,  and  half  of  the  groups  were  incompat¬ 
ible.  Compatible  groups  used  significantly  fewer  moveB  than  incompat¬ 
ible  groups  to  complete  the  task,  but  the  two  kinds  of  groups  did  not 
differ  in  time  to  completion. 

O’Brien  and  Ilgen  (1968)  used  a  similar  design  to  that  of  Hewett  et 
al.  (1974)  described  above  except  that  groups  were  instructed  to  write 
creative  storieB  in  response  to  TAT  pictures.  The  stories  were  rated  on 
plot  originality,  elaboration,  plot  structure,  sentence  structure,  expres¬ 
siveness,  humor,  and  suspense.  Unlike  the  other  Btudies,  compatibility 
did  not  relate  to  group  performance. 

Liddell  and  Slocum  (1976)  used  a  novel  approach  to  form  compat¬ 
ible,  incompatible,  and  random  groups  on  need  for  control  in  an  intel¬ 
lectual  task.  Compatibility  was  not  determined  on  the  basis  of  group 
composition  but  on  the  congruence  between  group  members’  interper¬ 
sonal  needs  and  their  appointed  position  of  leadership  in  a  task.  In 
compatible  groups,  persons  who  expressed  a  need  to  exert  control  were 
placed  in  positions  of  influence,  and  persons  who  expressed  a  need  for 
others  to  tell  them  what  to  do  were  assigned  to  peripheral  positions.  In 
incompatible  groups,  the  need-position  assignments  were  reversed,  with 
need-to-control  persons  in  peripheral  positions  and  need-to-be  con¬ 
trolled  persons  in  influential  positions.  In  random  groups,  members 
were  assigned  to  positions  at  random.  The  task  was  to  determine 

&In  this  classical  task,  rings  of  difftrant  slsas  arranged  In  a  pyramid  structure  must  be 
moved  from  one  peg  to  a  second,  using  a  third  peg  as  an  intermediate  location.  The 
rules  are  that  larger  rings  may  never  be  placed  above  smaller  ones,  and  only  one  ring 
may  be  moved  at  a  time.  For  five  rings,  as  in  the  present  instance,  it  Is  possible  to  com¬ 
plete  the  task  in  31  moves. 
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which  two  out  of  six  geometric  symbols  matched.  As  hypothesized, 
compatible  groups  completed  the  symbol  identification  problems  faster 
and  with  fewer  errors  than  incompatible  groups.  The  performance  of 
random  groups  was  in  the  middle. 

The  four  studies  conducted  in  a  real  setting  related  the  compatibility 
of  natural  groups  to  their  performance.  The  results  were  inconsistent 
and  tended  to  conflict  with  those  of  experimental  studies.  Underwood 
and  Krafft  (1973)  studied  the  work  effectiveness  of  pairs  of  supervisors 
in  manufacturing  plants.  Pairs  of  employees  who  worked  together 
naturally  were  rated  on  two  measures  of  interpersonal  work  effective* 
ness:  (1)  ratings  by  their  supervisors,  and  (2)  ratings  on  a  simulated 
management  task  requiring  group  members  to  establish  priorities  and 
delegate  work  responsibilities.  Unlike  the  studies  reviewed  in  this  sec¬ 
tion,  Underwood  and  Krafft  measured  compatibility  not  on  Schutz’ 
(1958)  three  areas  of  interpersonal  need  but  on  Schutz’  compatibility 
types :  originator  compatibility-behavior  level,  interchange 

compatibility-behavior  level,  originator  compatibility-feeling  level,  and 
interchange  compatibility-feeling  level.  Underwood  and  Krafft  define 
these  compatibility  types: 

Originator  compatibility  compares  the  difference  between  an 
individual’s  express  (transmission  from  self  to  others,  e.g.,  the  desire 
to  lead  others)  and  want  (transmission  from  others  to  self,  e.g.,  desire 
to  be  led  by  others)  directions  to  the  difference  between  another 
individual’s  express  and  want  directions.  For  example,  if  the  needs 
of  one  person  are  unbalanced  favoring  the  express  direction,  a  com¬ 
patible  other  would  have  needs  equally  unbalanced  favoring  the  want 
direction.  Therefore,  one  would  express  as  much  as  the  other  wants 
expressed.  Interchange  compatibility  compares  the  overall  intensity 
of  one  person’s  needs  to  the  overall  intensity  of  another’s.  The  more 
similar  the  magnitudes  of  intensity  [in  any  direction],  the  more  com¬ 
patible  the  individuals,  (p.  90) 

Each  compatibility  type  combines  the  three  interpersonal  need  areas 
(control,  inclusion,  affection).  On  the  ratings  of  real  interpersonal 
work  effectiveness,  only  originator  compatibility-feeling  level  was  sig¬ 
nificantly  related  (positively)  to  effectiveness.  On  the  simulated  task, 
only  interchange  compatibility-behavior  level  was  related  (positively)  to 
work  effectiveness,  Underwood  and  Krafft  suggested  that  the  absence 
of  more  significant  correlations  might  be  due  to  a  restriction  in  the 
ranges  of  group  compatibility.  If  so,  this  suggests  that  groups  that  are 
very  high  or  very  low  o.x  compatibility  may  not  form  naturally. 

The  second  “natural”  study  took  place  in  a  natural  setting,  but  the 
groups  were  composed  by  the  investigator.  Shalinsky  (1969)  investi¬ 
gated  the  performance  of  children  at  a  summer  camp  on  games  (for 


62 


example,  jigsaw  puzzles,  singing  marathons)  at  the  end  of  a  three-week 
session.  Children,  aged  nine  to  twelve,  were  assigned  to  cabins  on  the 
basis  of  need  for  affection.  Compatible  cabins  were  all  high  or  all  low 
on  need  for  affection;  incompatible  groups  had  students  with  dissimilar 
needs  for  affection.  As  predicted,  compatible  groups  won  more  games 
than  incompatible  groups.  The  result  was  explained  on  the  basis  of 
observed  cooperative  behavior  in  the  compatible  children  during  the 
camp.  Again,  compatibility  rather  than  the  location  of  the  group  on 
the  need  for  affection  scale  was  the  differentiator  among  groups. 

The  third  study  produced  findings  conflicting  with  those  of  the 
above  studies.  Hill  (1975)  observed  teams  of  systems  analysts  in  the 
computer  services  department  of  a  large  oil  Company.  The  teams  spent 
most  of  their  time  designing  large  computer  systems.  The  outcome 
measure  was  performance  on  the  most  recently  completed  project.  All 
teams  were  scored  on  a  total  compatibility  index  which  reflected  con¬ 
trol,  inclusion,  and  affection.  Contrary  to  expectation,  compatibility 
was  negatively  related  to  performance.  Hill  (p.  218)  noted,  however, 
that  the  task  of  designing  computer  systems  in  this  study  did  not 
necessarily  involve  much  interdependence:  umembers  would  go  for 
several  days  without  face-to-face  contact  as  a  group.  Competitive 
impulses  aroused  by  incompatibilities  may  thus  have  been  channeled 
into  individual  task  accomplishment. . . This  hypothesis  and  the 
implicit  suggestion  that  individual  task  accomplishment  was  related  to 
higher  performance  need  to  be  tested  directly. 

In  the  final  study  conducted  in  a  natural  setting,  Hawley  and 
Heinen  (1979)  examined  groups  of  MBA  students  in  a  Business 
Administration  program  who  worked  on  projects  with  host  organiza¬ 
tions  (e.g.,  industrial  settings)  for  a  semester.  Team  performance  was 
positively  correlated  with  compatibility  on  need  for  inclusion  and  need 
for  affection,  but  was  negatively  correlated  with  compatibility  on  need 
for  control.  The  investigators  did  not  suggest  an  explanation  for  the 
negative  relationship,  but  instead  emphasized  the  importance  of  main¬ 
taining  separate  measures  of  compatibility  rather  than  pooling  all 
measures  into  a  single  index. 

It  appears,  then,  that  although  there  are  some  inconsistencies  across 
studies,  and  serious  reservations  with  respect  to  intact  sports  teams, 
compatible  groups  seem  to  be  more  productive  than  incompatible 
groups.  This  result  was  true  for  groups  working  on  discussion  tasks, 
intellectual  games,  several  kinds  of  bulling  projects,  creative  writing, 
symbol-matching,  management  problems  in  industry,  and  children's 
games. 
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SUMMARY 

The  research  relating  group  structure  to  group  performance  has  pri¬ 
marily  examined  the  effects  of  heterogeneity  of  individual  characteris¬ 
tics  of  ability  and  personality  on  group  performance.  For  general  and 
(in  particular)  specific  abilities,  it  was  found  that  for  tasks  of  a  coactive 
nature,  homogeneous  groups  performed  better,  whereas  on  tasks  of  an 
interactive  nature,  heterogeneous  groups  were  superior.  This  finding 
recalls  the  earlier  conclusion  with  respect  to  individuals*  characteristics 
that  the  nature  of  the  task  influenced  the  effects  of  ability  on  perform¬ 
ance.  It  is  likely  that  the  underlying  causes  of  the  two  findings  are 
similar— that  in  coactive  tasks,  high-ability  individuals  and  low-ability 
individuals  can  have  major  influence  on  outcome,  while  in  interactive 
tasks,  the  group  can  adapt  to  use  its  talents  in  optimal  ways.  Thus,  for 
coactive  tasks,  homogeneous  groups  will  tend  to  be  free  of  low-ability 
members,  and  therefore  perform  better  than  heterogeneous  groups, 
while  in  interactive  groups,  the  high-ability  members  in  the  hetero¬ 
geneous  groups  will  be  effectively  utilised.  Although  the  studies  exam¬ 
ining  personality  and  cognitive  compatibility  are  fairly  consistent,  sug¬ 
gesting  that  compatible  groups  outperform  incompatible  groups,  there 
is  evidence  that  ability  and  personality  homogeneity  interact  such  that 
task  demands  appear  to  shape  the  relationship  between  group  composi¬ 
tion  and  performance.  Therefore,  as  a  basis  for  generalisation  it  is  best 
to  use  those  studies  that  have  used  tasks  with  relevant  characteristics. 
In  particular,  for  military  tasks  with  specific  requirements  for  general 
abilities,  specialised  skills,  and  interdependence  among  group  members, 
it  is  necessary  to  delineate  these  specific  requirements  before  we  can 
know  how  best  to  structure  a  task  unit  to  maximise  productivity. 


VI.  GROUP  PROCESSES 


Group  processes  are  characteristics  of  functioning  groups  that  arise 
after  a  group's  formation,  and  do  not  exist  independently  as  a  group 
itself.  Where  the  group  structure  might  be  thought  of  as  a  combina¬ 
tion  of  individual  contributions,  group  process  is  more  than  the  sum  of 
the  group  parts.  The  particular  aspect  of  group  process  of  present 
interest  might  be  characterized  as  the  social  psychological  climate  of 
the  unit,  or  the  nature  of  the  individuals'  perceptions  of  their  interper¬ 
sonal  and  environmental  work-place  (Gavin  and  Howe,  1976).  Various 
attempts  have  been  made  to  characterize  this  climate.  Sventsitskiy 
(1973)  informally  assessed  the  major  factors  of  the  social  psychological 
climate  of  the  work-place  to  be  (1)  the  extent  of  interest  in  workers’ 
tasks,  (2)  leadership  style,  (3)  level  of  interpersonal  compatibility 
among  workers,  and  (4)  the  predominant  economic  system  in  the 
work-place  (capitalist  vs.  socialist  for  this  Soviet  author).  Jones  and 
James  (1979),  in  a  study  involving  over  6000  subjects  and  extensive 
questionnaires,  identified  six  dimensions  of  psychological  climate:  (1) 
the  challenge  posed  by  the  job,  (2)  leadership  style,  (3)  interpersonal 
compatibility  among  workers,  (4)  professional  and  organizational 
esprit,  (6)  conflict  and  ambiguity  in  the  work  environment,  and  (6)  the 
demandingness  of  the  task.  It  is  interesting  to  note  that  the  first  three 
factors  of  each  study  coincide;  Sventsitskly’s  last  factor  is  clearly  politi¬ 
cal,  whereas  the  statistical  power  of  the  Jones  and  Jones  study  enabled 
it  to  uncover  additional  factors. 

Our  focus  will  be  on  those  dimensions  of  social  psychological  climate 
that  are  inherent  in  the  working  group  rather  than  the  task  itself. 
This  means  that  Jones  and  James’  third  and  fourth  factors,  covering 
the  interpersonal  and  person  to  group  relationships  of  the  performing 
unit  will  be  of  most  interest.  Throughout,  we  will  examine  the  climate 
from  the  individual’s  point  of  view  rather  than  from  the  organization’s 
(Gavin  and  Howe,  1976),  The  major  topics  of  discussion  are  group 
cohesion,  or  the  extent  to  which  there  are  forces  drawing  the  group 
together,  and  attraction,  or  the  liking  of  the  members  of  the  group  for 
each  other.  These  and  other  aspects  of  group  process  are  examined 
below. 

Two  studies  illustrate  the  types  of  issues  raised  under  the  rubric  of 
group  processes.  Goodacre  (1963)  interviewed  the  13  best  and  13  worst 
rifle  teams  from  63  infantry  squads,  to  ascertain  the  dimensions  that 
differentiated  them.  The  interviev/s  were  open-ended,  oriented  toward 
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five  dimensions  of  interest,  and  chi-square  statistics  were  done  on  the 
coded  answers  on  an  item-by-item  basis.  Of  the  five  dimensions  of 
team  stability,  potency,  liking,  intimacy,  and  stratification,  three 
showed  differences  between  the  best  and  worst  squads.  Good  squads 
were  more  potent  in  that  the  group  was  perceived  as  more  important  in 
the  members’  lives;  had  better  liking  for  each  oth.*r;  and  had  a  clearer 
separation  of  leader  and  subordinate  roles  than  did  poor  groups.  The 
stability  (turbulence)  factor  was  not  significant,  in  keeping  with  the 
studies  reported  above,  nor  was  the  intimacy  factor. 

Magen  (1980)  reports  a  remarkably  successful  intervention  to 
improve  sports  performance.  A  leading  Israeli  soccer  team  that  had 
excellent  personnel  but  was  losing  asked  Magen  to  conduct  a  series  of 
encounter  group  sessions  with  the  team  coaches  and  members.  In  the 
group,  Magen  focused  on  members*  awareness  of  their  own  responsibil¬ 
ity  for  the  team’s  performance,  and  obtained  from  each  a  public  com¬ 
mitment  to  be  different  in  one  specific  way  in  order  to  improve  the 
team’s  performance.  The  result  was  an  immediate  reversal  of  the  los¬ 
ing  pattern,  leading  to  a  sequence  of  wins,  including  a  victory  over  the 
top-ranked  team  in  the  country.  Magen  argues  that  this  is  a  demon¬ 
stration,  albeit  not  a  proof,  of  an  argument  that  solidarity  improves 
group  performance.  Below,  we  will  examine  this  argument  in  some 
detail. 


GROUP  COHESIVENBSS 

Group  cohesiveness  is  a  major  focus  of  interest,  especially  among 
sports  psychologists  (see  Hare,  1976;  Lott  and  Lott,  1965,  for  general 
reviews).  The  folk  wisdom  is  that  group  cohesiveness  leads  to 
improved  group  performance,  but  that  wisdom  has  been  in  the  process 
of  qualification  for  some  time.  One  of  the  earliest  studies  of  group 
cohesiveness  assembled  two  groups  of  carpenters  and  bricklayers  in  a 
large  housing  project  on  the  outskirts  of  Chicago:  one  group  was  com¬ 
posed  of  workers  who  preferred  to  work  with  each  other;  the  other 
group  was  composed  as  usual,  without  regard  to  preferred  coworker 
(Van  Zelst,  1952).  Moreover,  the  two  groups  were  matched  on  previous 
performance.  At  the  end  of  the  three-month  project,  the  experimental 
group  had  a  lower  turnover  rate  and  lower  labor  and  material  costs 
than  the  control  group,  suggesting  that  the  experimental  group  finished 
subtasks  in  less  time  than  the  control  group.  These  results  may  have 
been  due  to  a  “Hawthorne  effect,”  where  greater  attention  is  paid  to 
the  experimental  group. 
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Hagstrom  and  Selvin  (1965)  employed  a  questionnaire  to  analyze  the 
cohesiveness  of  20  groups  of  women  living  in  sororities  and  dormi¬ 
tories,  and  found  two  dimensions  of  cohesiveness.  The  first  was 
labelled  social  satisfaction,  and  indicated  the  extent  to  which  the  group 
provided  the  individual’s  needs.  This  instrumental  cohesiveness  was 
shown  to  be  related  to  time  spent  dating,  whether  or  not  the  individual 
voted  in  student  elections,  and  other  concrete  matters.  The  second 
factor  was  labelled  sociometric  cohesion,  and  measured  affective  coher¬ 
ence,  or  liking  for  being  in  the  group.  This  cohesiveness  increased  as 
the  proportions  increased  of  an  individual’s  best  friends  who  were  in 
the  group,  the  proportion  who  sought  advice  within  the  group,  and  sub¬ 
jective  feelings  of  closeness.  Although  Hagstrom  and  Selvin  did  not 
specifically  examine  productivity,  they  conjectured, 

in  strongly  task-oriented  groups,  group  effectiveness  may  bo  a  major 
determinant  of  attractiveness,  and  effectiveness  may  be  hindered  by 
too  high  a  degree  of  sociometiic  cohesiveness.  (p.  40) 

In  other  words,  instrumental  cohesiveness  could  be  promotive  of  group 
productivity,  whereas  affective  cohesiveness  could  hinder  productivity. 
The  explanation  of  the  hindrance  of  affective  cohesiveness  for  task 
performance  was  that  cohesive  groups  direct  much  of  their  efforts 
toward  integration  of  group  members,  rather  than  to  the  task  (Fiedler, 
1953,  1954;  Stogdill,  1974;  Horsfall  and  Arensberg,  1949;  Bass,  1930; 
Feldman,  1969;  Zander,  1969). 

The  Hagstrom  and  Selvin  paper  has  been  cited  in  several  sports 
psychology  studies  examining  the  influence  of  team  cohesion  on  suc¬ 
cess  of  sports  teams.  These  studies  have  largely  focused  on  affective 
cohesion  in  some  form,  and  cover  many  sports  in  a  number  of  nations. 
Ball  and  Carron  (1976)  examined  ice  hockey,  Bird  et  al.  (1980),  Gruber 
and  Gray  (1981),  Klein  and  Christiansen  (1966),  Martens  and  Peterson 
(1971),  and  Wldmeyer  (1977;  Widmeyer  and  Martens,  1978)  all  studied 
basketball,  Bird  (1977)  and  Vos  and  Brinkman  (1967)  studied  volley¬ 
ball,  Landers  and  Crum  (1971)  studied  baseball,  Landers  and  Lueschen 
(1974)  examined  bowling,  Foeldesi  (1976)  studied  rowing,  and  McGrath 
(1962)  and  Myers  (1962)  studied  rifle  teams.  Summaries  of  this  work 
have  been  written  by  Carron  (1980),  Landers,  Brawley,  and  Landers 
(1981),  and  Straub  (1975).  The  history  of  this  research  tradition  is  one 
of  increasing  methodological  sophistication,  as  care  comes  to  be  taken 
concerning  the  time  of  measurement  (when  in  the  season  are  cohesive¬ 
ness  measures  taken),  statistical  techniques  (moving  from  simple 
univariate  breakdowns  to  complex  multivariate  models),  use  of  control 
groups  and  even  artificially  constructed  teams,  and  the  definition  of 
cohesiveness  (simple  scales  to  more  established  measures).  It  has  been 
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shown  that  affective  cohesiveness  is  associated  with  success  in  sports 
efforts  involving  divisible  tasks  such  as  bowling,  rifle  marksmanship, 
and  to  some  extent  baseball,  but  that  affective  cohesiveness  can  hinder 
performance  in  sports  requiring  close  task-oriented  coordination,  such 
as  basketball,  volleyball,  and  ice  hockey.  An  interpretation  is  that 
when  there  is  a  strong  degree  of  affective  cohesiveness  in  a  team,  ener¬ 
gies  are  spent  keeping  the  team  together,  which  means  that  there  is 
less  critical  appraisal  of  performance,  and  more  expressions  of  uncondi¬ 
tional  positive  regard.  In  less  affectively  cohesive  groups,  task- 
orientation  is  more  predominant,  and  players  receive  social  reinforce¬ 
ment  contingent  on  the  quality  of  performance. 

Examinations  of  instrumental  cohesiveness  have  generally  shown 
that  successful  teams  are  more  cohesive.  However,  as  the  time  that 
measurement  is  taken  is  more  carefully  considered,  the  causal  direction 
of  success  inducing  cohesiveness  is  becoming  increasingly  more  likely 
than  cohesiveness  leading  to  success  (Landers  et  al.,  1981).  For  exam¬ 
ple,  Bird,  Foster,  and  Maruyama  (1980),  in  one  of  the  most  methodolo¬ 
gically  sophisticated  studies  done  in  the  area,  demonstrated  a  relation¬ 
ship  between  instrumental  forms  of  cohesiveness  and  success  that  only 
emerged  at  the  end  of  the  season. 

Additional  evidence  that  performance  causes  cohesiveness  comes 
from  a  study  by  Bakeman  and  Helmreich  (1975),  who  did  an  intensive 
study  of  marine  scientists  living  together  underwater  for  a  period  of 
time.  As  part  of  this  study,  tests  of  productivity  based  on  evaluations 
of  the  scientists'  publications  and  tests  of  group  cohesiveness  based  on 
full-time  observation  of  the  enclosed  environment  were  made  at  dif¬ 
ferent  times.  The  order  of  cohesiveness  and  productivity  were  tested  in 
a  cross-lagged  panel  analysis,  from  which  it  was  concluded  that  per¬ 
formance  precedes  cohesion.  This  particular  study,  examining  as  it 
does  an  environment  and  task  completely  different  than  that  of  a 
sports  team,  considerably  buttresses  the  weight  of  evidence  of  the  ear¬ 
lier  studies. 


INTERPERSONAL  ATTRACTION 

Interpersonal  attraction,  which  could  be  viewed  as  an  element  of 
cohesiveness,  has  been  singled  out  for  particular  attention.  McGrath 
(1962)  examined  the  relationship  between  positive  interpersonal  rela¬ 
tions  and  effectiveness  in  ROTC  rifle  teams.  He  began  by  having  60 
three-man  rifle  teams  rate  mombers  on  warmth  and  attentiveness  at 
the  end  of  a  rifle  tournament.  Using  the  behavior  of  the  raters  (rather 
than  impressions  of  ratees),  he  created  new  teams  whose  members  were 


either  interpereonally  oriented  (saw  others  as  warm),  not  interper¬ 
sonal^  oriented  (did  not  see  others  as  warm),  or  mixed.  Not  counting 
the  mixed  group,  35  reconstituted  teams  were  available  for  further  test¬ 
ing.  A  principal  result  was  that  the  non-interpersonally  oriented  teame 
continued  to  improve  in  the  training  week  following  the  tournament, 
whereas  the  interpereonally  oriented  teams  did  not.  In  the  non- 
interpersonally  oriented  teams,  performance  was  related  to  individuals' 
social  adjustment  and  satisfaction  with  the  task,  while  in  the  interper- 
sonally  oriented  group,  this  did  not  obtain.  Overall,  McGrath  found 
that  the  reconstitution  into  new  teams  facilitated  the  performance  of 
the  non-interpersonally  oriented  group,  but  at  a  cost  of  member  attrac¬ 
tiveness.  In  the  interpereonally  oriented  group,  performance  did  not 
improve,  and  group  adjustment  was  based  on  mutual  liking  rather  than 
task  performance. 

Goodacre  (1951)  asked  sociometric  questions  of  14  rifle  Bquacb  from 
an  Army  infantry  company.  Members  wore  asked  to  name  the  people 
they  would  associate  with  in  nonmilitary,  garrison  area,  and 
field/tactical  area  recreational  time.  The  number  of  within-squad 
choices  on  each  dimension  was  correlated  with  performance  on  a  six- 
hour  field  simulation  exercise.  The  correlations  were  all  positive  and 
significant.  The  better  the  group  performance,  the  more  team 
members  were  likely  to  associate  with  each  other  recreationally.  Good- 
acre  attempted  to  retest  his  squads,  but  at  the  time  of  his  attempted 
follow-up,  squads  had  been  either  broken  up  or  shipped  to  Korea,  and 
the  project  was  abandoned. 

Berkowitz  (1956)  examined  how  patterns  of  perceived  similarity  of 
attitudes  and  crew  liking  related  to  aircrew  effectiveness  in  war  combat 
in  Korea.  His  subjects  were  11 -man  crews  flying  B29  missions,  over 
Korea  in  1953;  performance  was  based  on  ratings  of  superiors  and  on 
the  percentage  of  missions  carried  oui  as  planned.  Crew  members’ 
attitudes  toward  their  jobs  were  assessed.  In  addition,  for  oach  attitude 
item,  members  were  asked  how  many  of  their  fellow  crew  members 
would  agree  with  their  own  judgment.  Finally,  sociometric  measures 
were  employed  to  assess  the  degree  to  which  crew  members  liked  each 
other.  Thus,  the  major  predictors  were  attitudes  toward  their  task 
(labelled  “motivation”  by  Berkowitz),  agreement  among  members  on 
motivation,  understanding  by  memtors  of  each  others’  motivations, 
and  liking.  Analysis  of  these  measures  showed  no  clear-cut  relation¬ 
ship  of  these  variables  to  performance.  Instead,  when  there  was  high 
liking,  performance  was  related  to  the  crew’s  mean  level  of  motivation 
for  the  task,  but  when  there  was  not  high  liking,  performance  was  a 
(Unction  of  the  degree  of  understanding  members  had  of  each  others’ 
positions.  It  appears  that  when  members  agree,  they  understand  and 
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like  each  other,  and  perform  in  accordance  with  the  group  norm,  as 
reflected  by  the  mean  motivation  level.  But  when  they  don’t  like  each 
other,  then  understanding  permits  them  to  focus  on  the  task  at  hand 
and  "get  the  job  done”  without  recourse  to  the  collective  motivation  of 
the  group.  Put  another  way,  for  groups  with  high  affiliation,  the  affili- 
ative  cohesion  results  in  performance  in  accordance  with  the  group 
norm,  but  for  groups  without  high  affiliation,  a  task  orientation  can  be 
adopted  if  they  understand  each  others’  motivation,  but  not  if  they 
don’t  have  such  an  understanding.  Borkowitz’  separation  of  agreement 
end  understanding  is  a  fruitful  way  of  conceptualizing  interpersonal 
relationships  that  has  been  successfully  employed  in  social  psychologi¬ 
cal  arenas  other  than  group  performance,  and  should  be  adopted  with 
greater  frequency  in  future  research  efforts. 


SUMMARY 

The  literature  on  group  cohesion  indicates  that  deliberately  inducing 
social  cohesion,  either  of  the  instrumental  or  affective  type,  will  not 
significantly  improve  performance  in  the  interactive  coordinated  tasks 
that  typify  military  units.  Indeed,  too  much  affective  cohesion  might 
interfere  with  the  critical  appraisal  of  performance  that  is  needed  to 
maintain  quality,  and  instrumental  cohesion  is  perhaps  generated  as  a 
consequence,  rather  than  a  cause  of  group  productivity. 

An  argument  might  be  made  for  carefully  monitoring  the  extent  of 
affective  cohesion.  The  socially  cohesive  groups  examined  vpear  to 
manifest  some  of  the  pathologies  of  “groupthink”  (Janis,  1983),  a  sys¬ 
temic  concern  for  solidarity  that  yields  sometimes  severe  decrements  in 
the  quality  of  group  decisionmaking.  It  might  be  worthwhile  to  see  if 
Janis’  proposed  groupthink  preventive  measures  can  be  extrapolated  to 
nondecision  tasks. 


VII.  TRAINING  TECHNIQUES 


The  final  topic  to  be  covered  in  this  literature  review  is  team  train¬ 
ing.  The  question  of  when  team  training  is  better  than  individual 
training,  and  how  team  training  should  proceed,  are  questions  that 
have  been  important  to  the  military  for  some  time.  There  have  been 
recent  surveys  such  as  analytic  reviews  by  Hall  and  Rizzo  (1975)  and 
Thorndyke  and  Weiner  (1980)  for  the  Navy,  and  a  descriptive  review 
by  Dyer  et  al.  (1980)  for  the  Army.  Goldin  and  Thorndyke  (1980) 
report  on  a  workshop  at  The  Rand  Corporation  devoted  to  the  topic  of 
team  training.  We  will  summarize  the  results  of  these  reviews,  and 
cover  several  additional  aspects  of  training  techniques  not  discussed 
elsewhere. 


FEEDBACK  ABOUT  PERFORMANCE 

Feedback  is  perhaps  the  most  relevant  aspect  of  team  training  in 
this  review.  The  two  topics  most  important  for  the  prediction  of  team 
performance  are  (1)  feedback  vs.  no  feedback  and  (2)  the  aggregate 
level  at  which  feedback  is  directed— individual  or  group.  Each  topic  is 
considered  in  turn. 

Nadler  (1979)  reviewed  the  literature  comparing  group  performance 
under  conditions  of  feedback  and  no  feedback.  The  majority  of  studies 
making  this  comparison  have  used  feedback  about  the  group’s  perform¬ 
ance  rather  than  feedback  about  the  performance  of  individual  group 
members.  Not  surprisingly,  groups  that  received  feedback  about  their 
performance  tended  to  improve  over  time  whereas  groups  receiving  no 
feedback  maintained  the  same  level  of  performance  or  declined  over 
time  (see,  for  example,  Bowen  and  Siegel,  1973;  Cook,  1968;  Kim  and 
Hammer,  1976;  Pryer  and  Bass,  1959;  Walter  and  Miles,  1972;  Weber, 
1971, 1972;  and  Zander  and  Medow,  1965). 

Not  all  studies  have  found  feedback  to  be  effective,  however.  Ells¬ 
worth  (1973)  and  Spoelders-Claes  (1973)  found  no  difference  between 
feedback  and  no-feedback  conditions.  Glaser  and  Klaus  (cited  in 
Zander,  1971)  describe  a  situation  in  which  feedback  can  actually  be 
detrimental  to  group  performance.  This  situation  arises  when  group 
success  is  contingent  upon  the  performance  of  a  single  group  member 
or  a  subset  of  group  members,  rather  than  all  group  members.  When 
feedback  pertains  only  to  the  performance  of  the  group,  and  the  group 
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is  successful,  members  performing  moderately  well  or  poorly  may 
assume  that  they  are  performing  successfully.  Over  time,  their  per* 
formance  is  expected  to  deteriorate  because  they  make  no  effort  to 
improve,  and  in  turn  the  performance  of  the  group  will  worsen. 

In  the  scenario  described  above,  feedback  about  the  group’s  perform¬ 
ance  may  be  detrimental  to  group  functioning.  This  problem  raises  the 
question  of  the  best  level  at  which  to  target  feedback.  A  considerable 
body  of  research  has  investigated  this  question  by  comparing  feedback 
about  the  group’s  success  with  feedback  to  individual  members  about 
their  own  performance  in  the  group.  This  research  consistently  reports 
that  feedback  about  individual  performance  has  a  much  greater  impact 
on  group  performance  than  feedback  about  only  the  group’s  perform¬ 
ance  (see  reviews  by  Meister,  1976;  Nadler,  1979;  Zander,  1971;  as  well 
as  studies  by  Berkowitz  and  Levy,  1966;  Rosenberg  and  Hail,  1968; 
Smith,  1972;  Stone,  1971). 

Furthermore,  a  combination  of  group  and  individual  feedback  is 
often  more  effective  than  any  one  type  of  feedback  given  alone  (see,  for 
example,  Zajonc,  1962;  Zander  and  Wolfe,  1964).  In  Zajonc’s  study, 
group  members  were  required  to  press  a  button  as  soon  as  a  specific 
stimulus  light  appeared.  The  performance  measure  was  reaction  time, 
and  the  group  scored  a  point  whenever  a  prespecified  number  of  group 
members  reacted  in  a  certain  amount  of  time.  There  were  two  feed¬ 
back  conditions:  feedback  about  the  group’s  performance  only,  and 
combined  feedback  about  an  individual’s  performance,  the  performance 
of  other  group  members,  and  performance  of  the  group  as  a  whole. 
Groups  receiving  combined  feedback  showed  substantial  improvement 
over  time;  groups  receiving  only  group  feedback  showed  little  improve¬ 
ment. 

The  drawback  of  Zajonc’s  study  is  that  separate  comparisons  could 
not  be  made  about  different  kinds  of  feedback.  Zander  and  Wolfe 
designed  their  study  to  allow  such  comparisons  to  be  made.  The  four 
feedback  conditions  were  (1)  group  only,  the  sum  of  scores  of  all 
members,  (2)  individual  only,  the  separate  scores  of  each  member,  (3) 
group  and  individual,  and  (4)  no  feedback.  The  five-person  groups 
were  members  of  district  coordinating  committees  in  a  large  utility 
company.  Their  task  was  to  predict  which  two  out  of  a  total  of  four 
events  would  occur  on  each  trial.  Group  members  could  combine  their 
resources  in  any  way  they  chose.  Group  performance  improved  only 
under  the  combined  feedback  condition.  Neither  group  nor  individual 
feedback  was  effective  when  given  alone. 

After  reviewing  many  studies  comparing  different  kinds  of  feedback, 
Nadler  (1979)  proposed  a  model  to  explain  when  certain  kinds  of  feed¬ 
back  (group  vs.  individual  vs.  combined)  would  be  effective.  In  his 
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model,  group  feedback  is  expected  to  have  the  greatest  impact  on  group 
performance  when  the  task  requires  interdependence  among  group 
members  and  where  group  members  have  individual  responsibilities. 
Individual  feedback  is  expected  to  have  the  greatest  impact  on  group 
performance  when  group  performance  is  merely  the  sum  of  individual 
performances.1  Given  the  research  results  described  above,  however,  it 
seems  safe  to  expect  that  combined  feedback  about  group  and  individ¬ 
ual  performance  can  never  be  detrimental. 


TRAINING  THROUGH  SIMULATION 

The  Army  has  conducted  several  research  projects  on  the  effective¬ 
ness  of  different  forms  of  simulated  engagement  as  a  training  tool. 
The  near-universal  opinion  is  that  such  models  as  REALTRAIN 
(Meliza  et  al.,  1979;  Scott,  Meliza,  Hardy,  and  Banks,  1979;  Scott, 
Meliza,  Hardy,  Banks,  and  Word,  1979)  and  COTEAM  (Medlin,  1979) 
have  proven  more  effective  training  techniques  than  the  ARTEP 
models  they  replaced.  Sulzen  (1980)  reports  that  repeated  engagement 
simulation  exercises  improved  individual  and  collective  performance  of 
rifle  squads,  and  Root  et  al.  (1979)  report  the  great  superiority  of 
engagement  simulation  techniques  in  training  and  evaluating  units 
because  such  a  technique  is  the  only  way  to  train  for  the  experience  of 
interactivity  within  a  training  unit  and  of  reacting  to  enemy  strategiz- 
ing.  Although  some  of  these  studies  suffer  from  small  sample  sizes  and 
decidedly  nonrandom  assignment  of  personnel  to  condition,  the  weight 
of  evidence  of  each  of  the  studies  is  so  strong  that  one  is  forced  to 
accept  Root  et  al.’s  conclusion.  Indeed,  as  Meliza  et  al.  (1979)  note, 
REALTRAIN  has  been  adopted  as  the  preferred  method  of  combat 
unit  training. 

The  usefulness  of  nonengagement  simulation  training  is  also  promis¬ 
ing.  Miller  and  Bachta  (1978)  report  that  the  Dunn-Kempf  tactical 
board  game  has  taught  command  and  control  leader  training.  Using 
this  game,  commanders-in -training  learn  how  to  establish  priorities, 
use  communications  effectively,  and  maintain  adaptability,  all  without 
having  to  undergo  the  expense  of  using  enlisted  men  to  actually  carry 
out  tactics.  How  such  a  board  game  transfers  to  actual  team  perform¬ 
ance,  where  the  range  of  possible  outcomes  is  greater  and  uncertainties 
magnified,  is  not  well-established;  a  conservative  judgment  is  that,  such 
board  games  might  supplement  but  not  replace  engagement  simulation 
training  for  commanders. 


lThif  distinction  walla  the  one  between  interactive  and  coactive  taaki  made  earlier. 
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MOTIVATION  IN  TRAINING 

Bird  (1978)  and  Zander  (1973)  both  point  out  that  there  is  a  differ¬ 
ence  between  the  motivations  of  the  individual  members  of  a  group  and 
the  motivations  of  the  group  itself.  Both  suggest  that  care  should  be 
taken  to  motivate  individuals  within  a  group  in  order  to  guide  the 
group  toward  success.  Zander  distinguishes  between 

•  Supportive  training,  where  trainees  are  given  support  that  is 
not  contingent  on  performance, 

•  Reinforcement  training,  where  trainees  are  given  rewards  for 
good  performance,  and 

•  Pride-in-performance  training,  in  which  an  internal  motivation 
to  achieve  success  is  aroused. 

Bird  recommends  the  third  of  these  training  techniques  and  offers  a 
means  of  carrying  it  out,  which  includes  setting  specific  goals  that  are 
achievable  by  the  group,  moving  toward  competence  in  small  incre¬ 
ments,  and  offering  the  group  as  a  whole  as  many  successful  experi¬ 
ences  as  possible.  This  success  should  lead  to  a  greater  group  cohesion, 
which  in  turn  will  promote  interactiveness.  This  model  has  not  been 
tested  to  date,  but  is  worthy  of  research. 


TEAM-ORIENTED  TRAINING 

Several  studies  have  examined  training  that  specifically  focuses  on 
the  team  rather  than  its  individuals.  Among  the  topics  falling  under 
this  rubric  are  clarity  in  job  definition,  communications  among 
members,  and  evaluation  of  present  military  training  practices. 

Cory  et  al.  (1979)  have  questioned  the  level  of  detail  of  job  defini¬ 
tions  as  it  impinges  on  training  effectiveness.  Their  research,  which 
was  not  empirically  based,  examined  how  it  might  be  possible  to  group 
military  jobs  into  units  smaller  than  an  MOS  but  more  general  than  a 
specific  task.  Such  groups  of  tasks  would  have  representative  descrip¬ 
tions  and  training  materials  prepared  for  them.  This  would,  Cory  et  al. 
argue,  lead  to  more  efficient  and  effective  training.  Their  conjecture 
certainly  has  merit,  and  should  be  subjected  to  empirical  testing. 

Siegel  and  Federman  (1973)  examined  the  communications  of  anti¬ 
submarine  helicopter  crews  in  order  to  identify  what  characteristics  of 
communications  differentiated  between  good  and  poor  performance. 
Performance  was  defined  as  miss  distance  in  an  anti-submarine  war¬ 
fare  (ASW)  exercise.  They  obtained  25  measures  of  communication,  of 
which  18  were  significant  predictors  of  performance.  These  18 
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measures  were  analyzed  in  two  separate  data  samples,  from  which 
emerged  three  common  factors: 

1.  Leadership  control,  or  the  extent  to  which  opinions  of  crew 
members  were  allowed  to  emerge, 

2.  Probabilistic  structure,  or  the  explicit  weighing  of  probabili¬ 
ties,  and 

3.  Evaluative  interchange,  or  the  exchange  of  ideas,  proposals, 
and  data  among  crew  members. 

Although  these  factors  were  not  compressed  into  composites  and 
subjected  to  multiple  regression,  and  although  the  cutoff  of  the  factor 
loadings  for  assigning  different  communication  variables  to  the  three 
factors  was  not  as  high  as  common  wisdom  would  recommend,  the 
three  factors  do  have  some  face  validity.  After  the  factors  had  been 
identified,  a  group  of  32  crews  were  randomly  divided  into  16  controls 
who  received  normal  training  and  16  crews  who  were  trained  to  employ 
the  three  factors  in  their  communications.  This  training  did  not,  how¬ 
ever,  lead  to  statistically  significant  differences  between  groups  on 
number  of  hits,  success  on  a  paper  and  pencil  test,  or  a  mean  miss  dis¬ 
tance  on  torpedo  firing  tests.  The  experimental  group  did  have  a  lower 
mean  miss  distance  for  the  firing  tests,  and  a  much  lower  standard 
deviation  of  miss  distance  (which  was  not  tested  against  the  control 
group  in  the  paper),  so  it  is  possible  that  reanalyses  adjusting  for  this 
nonhomogeneity  of  variance  might  yield  statistical  significance.  How¬ 
ever,  overall,  this  study  cannot  be  used  to  recommend  specific  changes 
in  communication  training  to  improve  team  performance. 

Dyer  et  al.  (1980)  present  the  beginning  of  an  Army  effort  to  under¬ 
stand  teams  and  team  training.  Earlier,  we  reviewed  their  definitions 
of  team  and  distinction  of  types  of  team.  Here,  we  discuss  their  work 
on  team  training.  As  part  of  the  questionnaire  distributed  to  140  units 
through  FORSCOM,  team  leaders  were  queried  about  the  adequacy  of 
specific  parts  of  training.  The  ideal  amount  of  training  was  compared 
to  actual  training  received  for  different  types,  and  several  deficiencies, 
particularly  with  regard  to  combat  units,  were  noted.  Although  special 
school  training  occurs  on  the  average  less  than  once  a  year,  it  was 
thought  to  be  desirable  several  times  a  year.  Field  training,  which 
takes  place  several  timeB  a  year,  should  be  performed  close  to  monthly. 
Training  devices,  used  almost  once  a  month,  should  be  used  several 
times  a  month.  And  on-the-job  training  should  occur  weekly  instead  of 
the  several  times  a  month  it  was  found  to  occur.  In  general,  though, 
leaders  were  moderately  satisfied  with  training  (mean  of  2.3,  where  1  - 
completely  satisfied  and  6  -  completely  dissatisfied).  The  greatest 
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complaint  was  that  there  was  not  enough  time  for  training,  with  the 
inadequacy  of  scheduling  of  what  time  did  exist  also  being  noted. 
Insufficient  training  was  the  main  complaint  of  all  operational  prob¬ 
lems  noted,  although  this  was  not  seen  as  a  critical  complaint  by  the 
team  leaders  surveyed.2 

Hall  and  Rizzo  (1975)  assessed  the  state  of  knowledge  regarding 
Navy  tactical  team  training.  Their  findings  on  team  definition  and 
evaluation  were  discussed  earlier.  They  summarize  the  Btate  of  the  art 
regarding  team  training  as  follows: 

While  everyone  professes  intuitively  to  be  able  to  recognize  a  good 
team— the  Til  know  it  when  I  see  it"  phenomenon— no  one  seems  to 
be  able  to  articulate  its  dimensions  with  sufficient  clarity  to  permit 
the  development  of  training  procedures  for  producing  it.  (p.  15) 

They  divide  the  question  of  team  training  into  consideration  of  (1)  the 
extent  to  which  a  team  is  a  collection  of  individuals  vb.  a  collectivity 
which  must  be  uniquely  trained,  (2)  how  to  train  coordination,  and  (3) 
how  to  train  groups  to  be  cohesive.  Within  the  framework  of  this 
breakdown,  their  review  of  the  literature  on  team  training  resulted  in 
several  concrete  recommendations.  The  recommendations  dealt  largely 
with  developing  concrete  objectives  to  achieve  through  training,  com¬ 
posing  a  training  environment  that  was  conducive  to  generalization  to 
the  tasks  being  trained,  and  concentrating  more  on  high-quality  indi¬ 
vidual  performance  than  on  training  at  the  level  of  the  performing 
unit.  For  example,  it  is  suggested  that  performance  feedback  is  more 
effective  if  it  is  at  the  individual  member  level  rather  than  a  global 
team  feedback,  as  individuals  are  often  unaware  of  how  their  specific 
performance  contributes  to  the  unit  as  a  whole.  Hall  and  Rizzo’s 
(1975)  survey,  as  well  as  Rizzo’s  (1980)  summary  of  its  main  points,  are 
documents  worth  perusal  on  their  own;  fall  justice  cannot  be  provided 
them  in  a  literature  summary. 

Thorndyke  and  Weiner  (1980)  designed  a  research  program  to 
improve  training  and  performance  of  Navy  teams.  The  thrust  of  their 
approach  was  oriented  toward  team  decisionmaking;  very  little  effort 
was  directed  toward  team  performance  requiring  coordination  of 
perceptual-motor  skills  such  as  might  be  used  in  armor  or  infantry 
units  in  the  Army.  Rather,  they  were  concerned  with  high-technology 
solutions  to  questions  of  high-technology  utilization.  For  example, 
they  advocate  intensive  research  on  decisionmaking  teams  through 
development  of  highly  computerized  experimental  laboratory  facilities. 
Their  envisaged  research  center  includes  experts  in  artificial 

9Commis«ioa«d  officer*  and  consultant*  have  taken  a  dimmer  view  of  training;  tee 
Madden  (1981). 
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intelligence,  software  and  systems  design,  and  cognitive  psychology,  as  | 

well  as  expertise  in  human  factors,  social  psychology,  and  simulation 
and  gaming.  The  recommendations  made  in  this  document  are 
abstract,  and  not  directed  at  immediate  improvement  of  team  perform¬ 
ance,  but  rather  at  how  one  could  learn  what  is  needed  to  improve 
team  performance.  These  recommendations  are  especially  welcome, 
given  the  generally  inadequate  state  of  knowledge  about  team  perform¬ 
ance  that  this  review  has  demonstrated. 

Finally,  Goldin  and  Thorndyke  (1980)  summarize  a  three-day 
workshop  held  at  The  Rand  Corporation  under  the  sponsorship  of  the 
Office  of  Naval  Research  that  was  devoted  to  improving  team  perform-  | 

ance.  Although  some  of  the  papers  from  that  workshop  have  been 
reviewed  earlier  in  this  report,  it  is  worthwhile  to  reiterate  some  of 
their  conclusions  with  regard  to  team  training.  First,  they  find  organi-  j 

zational  constraints  on  team  training  effectiveness.  For  example,  a  , 

lack  of  standardization  can  hamper  training  efforts,  as  trainees  leam 
on  one  system,  and  then  are  tested  on  a  second  system,  and  finally  per-  j 

form  the  job  on  a  third  system.  The  transfer  of  what  is  presumed  to  be  : 

the  same  skill  from  one  system  to  another  may  not  be  direct,  and  effi¬ 
ciency  is  reduced.  Also,  the  organizational  climate  may  not  foe  condu¬ 
cive  to  effective  training,  as  trainees  compete  for  scarce  promotion  1 

slots  and  limited  rewards.  Efforts  are  then  directed  at  individual  I 

recognition  above  that  of  fellow  team  members  rather  than  either  indi-  I 

vidual  or  group  productivity. 

Second,  problems  are  noted  with  the  team  training  practices  them¬ 
selves.  Goals  of  training  are  typically  too  abstract,  rather  than  phrased 
in  terms  of  specific  procedural  skills  or  objective  performance  criteria. 

The  objectives  of  individual  proficiency  and  group  coordination  are  ; 

often  mixed  together  in  the  same  training  task,  so  that  it  is  difficult  to 
sort  out  the  two  for  the  individual  being  trained,  and  neither  objective  j 

is  fulfilled.  The  lack  of  clear  feedback  on  individual  performance  and  > 

the  lack  of  standardized  equipment  noted  above  both  contribute  to  this  I 

problem.  The  conference  concluded  that  too  much  training  is  aimed  at  1 

teams  as  units  rather  than  at  individuals  as  units;  this  approach  loses  j 

sight  of  a  goal  of  individuals  within  teams  being  seen  as  interchange-  I 

able  parts  bringing  their  own  particular  expertise  to  merge  with  that  of  i 

the  other  members  to  yield  effective  group  performance. 

The  recommendations  of  the  conference  were  for  research  rather  1 

than  specific  prescriptions  for  change.  Among  the  areas  recommended  i 

for  study  were:  j 


i 


1.  How  to  train  procedural  flexibility.  Modem  military  teams 
are  faced  with  uncertain,  complex  environments  for  which  no 
simple  algorithmic  rule  of  behavior  is  likely  to  be  successful. 
Instead,  teams  must  be  flexible  and  adaptable  to  the  environ¬ 
ment  and  strategic  moves  of  the  opponent. 

2.  Team  structure.  It  is  not  clear  what  is  the  best  type  of  team 
structure  for  any  given  team  task.  A  consensus  was  that  the 
task  was  important  in  determining  the  optimal  structure,  and 
that  the  relationship  between  informal  and  formal  structures 
required  investigation.  Centralization  can  be  either  beneficial 
or  harmful,  depending  on  the  particular  task. 

3.  Team  communication.  All  feel  that  communication  is  critical, 
yet  it  is  not  known  how  to  design  communication  channels 
that  maximize  team  performance. 

4.  Organizational  environment.  Factors  external  to  the  team 
influence  the  team’s  effectiveness.  These  factors  may  be 
under  at  least  the  racial  control  of  the  organization,  and 
therefore  should  be  understood  so  that  they  may  be  optimally 
manipulated. 


SUMMARY 

The  recommendations  of  the  Rand  conference  noted  above  also  sum¬ 
marize  much  of  what  is  known  regarding  team  training  techniques. 
Procedural  flexibility  is  a  difficult  concept  to  operationally  define, 
much  less  incorporate  into  training;  perhaps  it  might  best  be  instilled 
through  pride-in-performance  training,  where  motivation  to  achieve 
success  is  inculcated  and  team  members  feel  free  to  interact  with  each 
other  and  to  take  initiatives  to  modify  specific  jobs  when  necessary  in 
the  service  of  success.  The  team  structure  during  training  refers  not 
only  to  the  tasks  for  which  members  am  trained,  but  also  to  the  struc¬ 
ture  of  the  training  itself.  The  literature  indicates  that  feedback  on 
both  the  individual  and  group  level*  is  safer  than  either  type  of  feed¬ 
back  alone  or  no  feedback,  in  that  task  structures  of  different  types  can 
be  more  easily  learned.  This  is  in  effect  purchasing  training  insurance, 
at  the  small  cost  of  some  perhaps  superfluous  feedback.  In  addition  to 
considerations  of  feedback,  the  definition  of  individuals’  tasks  within 
the  group  effort  should  be  carefully  considered,  so  that  each  member 
knows  what  his  own  role  is  and  how  he  interacts  with  the  other 
members.  Training  should  also  include  communication,  so  that 
members  know  how  to  communicate  effectively,  and  can  choose  the 
best  communication  channels  in  the  face  of  diverse  problems.  Finally, 
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the  organizational  environment,  including  how  the  various  members  of 
a  team  interact  and  how  the  team  will  function  in  the  “real  world," 
must  be  represented  in  training;  this  appears  to  be  done  well  by  sophis¬ 
ticated  simulation  techniques. 


VIII.  CONCLUSIONS 


In  this  review,  we  have  examined  the  nature  of  unit  performance 
and  searched  for  predictors  of  quality  performance.  Here,  we  shall 
recapitulate  what  has  been  learned  as  a  result  of  the  review,  both  in 
terms  of  what  is  known  and  of  what  directions  future  research  should 
take. 

Definition*.  In  defining  unit  performance,  there  is  a  problem  of 
the  level  of  analysis,  or  what  object  should  be  the  focus  of  scrutiny. 
For  some  questions,  the  small  group  comprising  the  unit  is  the  focus, 
whereas  for  others,  it  is  the  individuals  in  the  group  who  i  mst  be  scru¬ 
tinized.  An  orderly  approach  to  this  problem,  using  a  framework  such 
as  Living  Systems  Theory,  is  recommended. 

Similarly,  the  nature  of  the  group  task  to  be  performed  merits  care¬ 
ful  attention.  In  particular,  the  degree  of  interaction  that  is  required 
among  the  group  members  is  a  critical  dimension  to  be  considered. 
Second,  the  degree  to  which  group  members  have  distinct  roles  as 
opposed  to  interchangable  positions  is  important.  The  military  tasks 
of  today’s  interest  may  be  characterized  as  having  a  common  goal  to 
which  all  members  aspire,  having  a  division  of  labor  among  the  group 
members,  and  requiring  coordinated,  interactive  effort  among  the 
members. 

Finally,  the  definition  of  performance  must  be  attended  to.  Granted, 
any  measure  of  military  performance  in  peacetime  is  an  imperfect  sur¬ 
rogate  for  actual  behavior  in  combat.  But  performance  has  too  often 
been  assessed  by  global  judgments  by  supervisors,  superior  officers,  or 
teachers.  These  subjective  judgments  are  not  reliable  over  different 
times,  environments,  or  raters,  and  may  be  of  questionable  validity  as 
well.  Instead,  more  objective  measures  of  performance,  in  the  form  of 
composites  of  relatively  straightforward  judgments  of  small  behavior 
segments,  are  urged,  In  almost  every  comparison  of  evaluations,  objec¬ 
tive  measures  have  been  shown  to  be  superior  to  subjective  ones. 

Characteristics  of  Individuals.  The  individual  characteristics 
studied  here  were  general  ability,  ability  to  perform  specific  tasks, 
motivation,  and  personality.  The  effects  of  the  individual  characteris¬ 
tics  of  the  extreme  members  of  the  group  (e.g.,  most  able,  least  able)  as 
well  as  the  average  group  member  were  examined. 

Many  of  the  studies  surveyed  demonstrated  substantial  correlations 
between  member  ability  {both  general  ability  and  ability  to  perform 
specific  tasks)  and  unit  performance.  However,  those  substantial 
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correlations  did  not  obtain  for  all  of  the  studies,  and  in  particular  were 
not  found  in  studies  of  performance  in  military  tasks.  When  all  of  the 
studies  were  considered  together,  it  became  apparent  that  the  relation¬ 
ship  between  ability  and  group  performance  depended  on  the  nature  of 
the  task.  For  tasks  requiring  contributions  by  all  group  members,  the 
proficiency  of  the  least-able  members  and  the  average  proficiency  were 
important  predictors,  whereas  when  the  task  could  be  completed  suc¬ 
cessfully  by  dint  of  superior  performance  by  only  some  group  members, 
then  the  most-able  member's  ability  was  important.  Among  the  impli¬ 
cations  of  these  findings  are  that  (1)  studies  of  ability  must  take  into 
account  the  nature  of  the  interrelationships  of  individuals*  tasks  within 
the  group;  (2)  the  different  ways  that  groups  face  tasks  should  be 
further  investigated  and  compared  to  optimal  performance  models;  and 
(3)  performance  as  a  function  of  member  ability  for  different  member 
roles  should  be  investigated. 

Only  weak  or  inconclusive  findings  for  the  effects  of  personality 
characteristics  of  group  members  on  performance  were  found.  It  does 
not  appear  promising  at  the  present  time  to  use  personality  measures 
in  determining  group  composition.  On  the  other  hand,  the  motivation 
of  individual  members  does  affect  the  performance  of  the  group.  The 
research  shows,  however,  that  supervisors*  anticipations  of  what 
motivates  good  performance  may  not  necessarily  be  what  actually 
motivates  performance.  It  is  suggested  that  learning  what  unit 
members  wish  to  obtain  from  their  tasks  is  useful  in  constructing 
incentive  structures  that  will  motivate  superior  performance. 

Leadership.  Studies  of  leadership  did  not  provide  any  concrete 
suggestions  for  how  leaders  can  be  selected  to  improve  unit  perfor¬ 
mance.  Those  studies  did  point  out  that  there  are  inherent  methodo¬ 
logical  problems  in  essaying  such  a  task,  because  leader  quality  tends 
to  be  defined  in  terms  of  the  performance  of  the  leader's  subordinates. 
The  positive  findings  of  leadership  research  all  indicate  that  the  ques¬ 
tion  of  leader  effects  is  complex,  depending  on  an  interplay  of  style  of 
leadership,  task  environment,  interpersonal  relations  among  group 
members,  and  task  structure.  At  present,  it  is  difficult  to  obtain  a  sim¬ 
ple  answer  to  whether  a  particular  leader  manipulation  would  or  would 
not  improve  group  performance. 

Group  Structure.  This  section  examined  the  same  major  predic¬ 
tors  as  the  section  on  individual  characteristics,  but  looked  at  the 
effects  of  the  heterogeneity  of  individuals’  positions  on  those  charac¬ 
teristics  instead  of  the  positions  of  specific  or  typical  individuals. 
Indeed,  on  several  occasions,  the  same  studies  were  discussed  in  both 
sections.  The  findings  of  the  group  section  paralleled  those  of  the  ear¬ 
lier  one,  in  that  heterogeneous  groups  performed  better  on  tasks  of  an 
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interactive  nature  where  members  of  the  group  were  substitutable  one 
for  the  other,  but  that  homogeneous  groups  were  superior  when  the 
tasks  called  for  member  specialization. 

There  was  a  consistent  finding  that  groups  compatible  (homogene¬ 
ous)  with  respect  to  several  personality  and  cognitive  style  measures 
performed  better  than  groups  heterogeneous  on  those  measures.  This 
finding  was  tempered  by  consideration  of  the  nature  of  the  task  and 
the  ability  of  the  group  members,  such  that  task  demands  appear  to 
shape  tho  relationship  between  group  composition  and  performance. 
To  best  structure  a  unit  to  maximize  productivity,  it  is  necessary  to 
know  the  degree  of  interdependence  and  skill  levels  required  by  the 
task.  For  more  complicated,  interdependent  tasks,  homogeneous 
groups  are  probably  preferable,  whereas  for  simpler,  less  interdepen¬ 
dent  tasks,  heterogeneous  groups  may  be  constructed.  These  findings 
are,  however,  based  on  a  small  number  of  studies,  and  further  verifica¬ 
tion  of  the  findings  should  precede  a  decision  to  undertake  the  expense 
of  obtaining  personality  and  cognitive  style  measures  and  employing 
them  in  personnel  decisions. 

Group  Processes.  The  literature  on  group  cohesion  indicates  that 
deliberately  inducing  social  cohesion,  either  of  the  instrumental  (task- 
oriented)  or  affective  (solidarity-oriented)  type,  will  not  significantly 
improve  performance  in  the  interactive  coordinated  behaviors  that 
typify  military  tasks.  Too  much  affective  cohesion  might  interfere  with 
the  critical  appraisal  of  performance  that  is  needed  to  maintain  quality 
output,  as  members  become  concerned  with  supporting  each  other  and 
raising  group  morale  instead  of  concentrating  on  the  task  at  hand. 
While  raising  instrumental  cohesion  might  theoretically  be  of  benefit, 
there  are  no  studies  demonstrating  this  phenomenon,  and  indeed  there 
is  some  indication  that  the  association  of  productivity  with  high  instru¬ 
mental  cohesion  is  due  to  productivity  causing  cohesion  rather  than  the 
other  way  around. 

Team  Training  Techniques.  The  research  on  team  training  tech¬ 
niques  generally  supported  the  present  advances  being  made  in  military 
training.  The  importance  of  feedback,  both  on  the  level  of  individual 
members'  performance  and  on  the  level  of  unit  performance,  cannot  be 
overemphasized.  Although  it  is  not  entirely  clear  when  individual  feed¬ 
back  is  more  important  ihan  group  feedback,  it  is  probably  a  good 
insurance  policy  to  incorporate  both  into  any  training  program.  Induc¬ 
ing  team  motivation  was  touched  on  in  the  section  on  individual 
characteristics.  A  motivational  set  that  induces  members  to  have  pride 
in  performance  as  opposed  to  doing  the  job  to  obtain  specific  rewards 
appears  to  be  the  more  promising  for  producing  quality  performance. 
Additionally,  when  motivation  is  bonded  to  group  performance, 
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members  will  be  freer  *o  take  initiatives  when  necessary,  and  interac¬ 
tion  among  members  will  be  more  adaptable  to  circumstances.  Team 
training  should  be  considered  superior  to  individual  training  in  tasks 
where  each  member  must  know  his  own  role  and  how  that  role 
interacts  with  the  roles  of  other  team  members.  This  team  training 
should  include  consideration  of  how  to  achieve  efficient  and  effective 
communication,  and  how  the  team  as  a  whole  fits  into  the  external 
environment  of  which  it  is  a  part.  Modern  sophisticated  simulation 
exercises  appear  to  be  good  training  tools  to  effect  these  objectives. 


Appendix 


THE  RELIABILITY  AND  VALIDITY 
OF  UNIT  PERFORMANCE  MEASUREMENTS1 


In  this  Appendix  we  present  generalizability  (G)  theory  (Cronbach, 
Gleser,  Nanda,  and  Rajorathan,  1972),  an  analytic  technique  for  exam¬ 
ining  the  reliability  of  measures  of  unit  performance,  and  then  briefly 
treat  validity  issues.  As  a  heuristic  for  demonstrating  the  application 
of  G  theory  to  reliability  estimation,  data  on  tank  crew  performance 
were  used.  These  data  provided  a  realistic  context  for  specifying  the 
requirements  of  a  measurement  model. 

A  measurement  model  should  be  capable  of  estimating  the  magni¬ 
tude  of  error  introduced  into  the  measurement  as  a  consequence  of 
using  different  observers,  occasions,  and  missions  (Cronbach  et  al., 
1972;  for  a  recent  review,  see  Shavelson  and  Webb,  1981).  For  exam¬ 
ple,  ac  a  measure  of  unit  performance,  decisionmakers  should  be  willing 
to  accept  a  single  score  provided  by  one  observer,  on  one  occasion,  for 
a  particular  mission  (and  so  forth)  as  representative  of  any  number  of 
possible  scores  that  the  unit  might  have  obtained  with  different 
observers,  on  different  occasions,  and  for  a  variety  of  missions.  A 
measurement  model  should  also  be  capable  of  capturing  another  obvi¬ 
ous  and  critical  feature  of  unit  performance  data— -that  they  are  multi¬ 
level  (e.g.,  Burstein,  1980).  Organizationally,  crews  are  formed  by  indi¬ 
viduals,  platoons  by  crews,  companies  by  platoons,  and  so  on.  To  a 
greater  or  lesser  extent,  organizational  variables  affect  unit  perform¬ 
ance  and  a  measurement  model  should  incorporate  them. 

This  Appendix  is  divided  into  three  parts.  First,  we  outline  a  theory 
for  examining  the  reliability  of  unit  performance  measurements.  We 
then  specify  and  statistically  evaluate  alternative  measurement  models 
examining  the  multilevel  unit  performance  measurements.  Finally,  we 
discuss  issues  pertaining  to  the  validity  of  unit  performance  measure¬ 
ments. 


‘ThU  Appendix  waa  primarily  written  by  Richard  J.  Shavelaon. 


SKETCH  OF  GENERALIZABILITY  THEORY 


Reli  able  and  valid  measurements  of  unit  performance  are  extremely 
difficult  and  expensive  to  achieve.  To  minimize  cost,  these  measure¬ 
ments  are  often  based  on  judgments  of  single  observers  who  have  more 
than  one  function  to  perform,  and  must  evaluate  multiple  events  that 
occur  simultaneously.  They  -are  taken  under  a  variety  of  conditions 
(e.g.,  no  two  terrains  for  carrying  out  a  mission  are  exactly  the  same; 
no  single  opponent  trained  for  a  simulated  exercise  behaves  exactly  the 
same  upon  repetition  of  the  exercise).  And  they  are  taken  on  different 
days,  time  of  day,  and  so  on. 

Nevertheless,  scores  such  as  those  assigned  to  tank  crews  in  simu¬ 
lated  missions  (e.g.,  ARTEP  Table  VIII  exercises)  are  interpreted  as 
characteristic  of  the  unit.  Decisionmakers  interpret  these  scores  as 
interchangeable  with  scores  that  would  have  been  obtained  on  a  multi¬ 
tude  of  different  terrains  with  any  of  a  large  number  of  different 
observers,  being  carried  out  against  any  of  a  large  number  of 
opponents,  on  any  day.  In  other  words,  decisionmakers  are  willing  to 
generalize  a  tank  crew's  Table  VIII  score  over  terrains,  observers, 
opponents,  days,  and  so  forth.  Ideally,  the  decisionmaker  would  like  to 
know  the  crew’s  average  score  over  all  possible  observers,  terrains,  and 
opponents.  The  issue  of  the  reliability  of  a  measurement,  then, 
resolves  itself  into  the  question  of  how  dependable  is  the  generalization 
from  a  single  score  to  the  average  score  the  crew  would  have  earned  over 
all  possible  measures  of  its  performance ? 

Reliability  thus  refers  to  the  generalizability  or  dependability  of 
scores  (Cronbach  et  al.,  1972).  As  the  number  of  facets  entering  into  a 
measurement  (such  as  observers,  terrains,  and  occasions)  increases,  the 
possibility  of  introducing  error  into  the  measurement  increases.  As 
error  increases,  the  generalization  from  a  single  score  to  the  tank 
crew’s  average  score  may  become  increasingly  less  reliable.  That  is,  as 
the  number  of  facets  of  a  measurement  increases,  the  number  of  poten¬ 
tial  sources  of  error  in  a  measurement  increases.  Increasing  error 
creates  increasingly  unreliable  measurements. 

A  measurement  model  should  estimate  the  magnitude  of  error  intro¬ 
duced  into  a  measure  of  unit  performance  by  each  facet.  Moreover,  it 
should  provide  information  on  how  to  reduce  that  error  in  the  most 
cost-effective  way.  Generalizability  theory  provides  the  basis  for 
accomplishing  this. 

The  facets  of  a  measure  of  unit  performance  (e.g.,  observers,  ter¬ 
rains,  missions)  define  the  universe  to  which  a  decisionmaker  wishes  to 
generalize.  A  universe  score  is  the  datum  the  decisionmaker  ideally 
would  like  to  know  but  must  infer  from  a  sample,  i.e.,  from  an  observed 
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score.  The  universe  score  is  defined  as  the  unit’s  mean  score  over  all 
possible  observations  in  the  universe.  The  difference  between  a  unit’s 
universe  score  and  its  observed  score  reflects  error  in  generalization. 
Unit  k’s  observed  score,  then,  may  be  decomposed  into  a  component 
for  the  universe  score,  m*.  and  one  or  more  error  components. 

We  illustrate  this  decomposition  for  the  simplest  measurement  case, 
units  and  one  measurement  facet,  say  observers  (o).  The  presentation 
readily  generalizes  to  more  complex  designs.  We  assume,  for  simplic¬ 
ity,  that  the  same  team  of  observers  evaluates  all  units.  Hence,  units 
and  observers  are  crossed,  and  we  represent  the  measurement  design 
as:  KxO.  In  the  KxO  design  with  generalization  over  all  admissible 
observers  taken  from  an  indefinitely  large  universe,  the  score  assigned 
to  a  particular  unit  (k)  by  a  particular  observer  (o)  is 

Xfo  -  m  grand  mean 

+  nk  -  M  unit  effect  . .  „ , 

(A.l) 

+  Mo  -  M  observer  effect 

-t-  Xko  -  M*  -  Mo  +  M  residual 

Except  for  the  grand  mean,  each  score  component  has  a  distribution. 
Considering  all  units  in  the  population,  there  is  a  distribution  of 
M*  —  m  with  mean  zero  and  variance  2(m*  -  m)2  -  ah(>  which  is  called 
the  universe-score  variance  and  represents  consistent  error-free  varia¬ 
tion  between  units.  Similarly,  the  component  for  observers  has  mean 
zero  and  variance  2)(m0  -  m)2  -  c$,  which  indicates  the  variance  of 
constant  errors  associated  with  observers  (e.g.,  some  observers  are  more 
lenient  than  others).  The  residual  component  has  mean  zero  and  vari¬ 
ance  <r3fo,«>  which  indicates  the  degree  to  which  observers  score  partic¬ 
ular  units  differently  along  with  residual  error  due  to  unidentified 
facets  or  randomness.  The  collection  of  observed  scores,  X,  has  a  vari¬ 
ance  ajc  -  'Z/iXko  -  m)2,  which  equals  the  sum  of  the  variance  com¬ 
ponents: 

+  *5  +  <&o,t  (A.2) 

G  theory  focuses  on  these  variance  components.  The  relative  mag¬ 
nitudes  of  the  components  provide  information  about  particular  sources 
of  error  influencing  a  measurement.  It  is  convenient  to  estimate  vari¬ 
ance  components  from  the  analysis  of  variance  (ANOVA)  using  sample 
data  (unit-performance  scores).  Numerical  estimates  of  the  variance 
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components  are  obtained  by  setting  the  expected  mean  squares  equal  to 
the  observed  mean  squares  and  solving  the  set  of  simultaneous  equa¬ 
tions  as  shown  in  Table  A.l. 


Table  A.l 

ESTIMATES  OF  VARIANCE  COMPONENTS  FOR  A  ONE-FACET,  K  x  0  DESIGN 


Source  of 
Variation 

Mean 

Square 

Expected 

Mean  Square0 

Estimated 

Variance  Component 

Unit  (JO 

MSk 

4o,e  +  nOvK 

4  -  (MS*  -  MS„,)/n0 

Observer  ( 0 ) 

MS0 

ako*  +  nKcK 

4  -  (MS0  -  MS„,)/nK 

K  x  0,  e 

MS", 

ffko,e 

4o,e  "  MSrit 

an0  -  number  of  observers;  nK  -  number  of  units. 


G  theory  distinguishes  a  decision  (D)  study  from  a  generalizability 
(G)  study.  This  distinction  recognizes  that  certain  studies  are  associ¬ 
ated  with  the  development  of  a  measurement  procedure  (G  studies) 
whereas  other  studies  then  apply  the  procedure  (D  studies).  In  plan¬ 
ning  the  D  study,  the  decisionmaker  (i)  defines  the  universe  of  general¬ 
ization  and  (ii)  specifies  his  proposed  interpretation  of  a  measurement. 
These  plans  determine  (iii)  the  questions  to  be  asked  of  the  G  study 
data  in  order  to  optimize  the  measurement  design.  Each  of  these 
points  is  considered  in  turn. 

(i)  G  theory  recognizes  that  the  universe  of  admissible  observations 
encompassed  by  a  G  study  may  be  broader  than  the  universe  to  which 
a  decisionmaker  wishes  to  generalize.  That  is,  the  decisionmaker  pro¬ 
poses  to  generalize  to  a  universe  comprised  of  some  subset  of  facets  in 
the  G  study.  This  universe  is  called  the  universe  of  generalisation .  It 
may  be  defined  by  reducing  the  universe  of  admissible  observations, 
i.e.,  by  reducing  the  levels  of  a  facet  (e.g.,  creating  a  fixed  facet,  called 
a  fixed  factor  in  ANOVA),  by  selecting  one  level  of  a  facet,  and  thereby 
controlling  it,  or  by  ignoring  a  facet.  All  three  alternatives  have  conse¬ 
quences  for  the  estimation  of  the  components  of  error  variance  that 
enter  into  the  observed  score  variance. 

(ii)  G  theory  recognizes  that  decisionmakers  use  the  same  unit  per¬ 
formance  measurement  in  different  ways.  For  example,  some  interpre¬ 
tations  may  focus  on  differences  between  units  (i.e.,  relative  or  com¬ 
parative  decisions),  some  may  use  the  observed  score  as  an  estimate  of 
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a  unit’s  universe  score  (absolute  decisions),  while  still  others  may  use 
the  observed  score  in  a  regression  estimate  of  the  universe  score  (see, 
for  example,  Kelley’s  (1947)  regression  estimate  of  true  scores).  There 
is  a  different  error  associated  with  each  of  these  proposed  interpreta¬ 
tions.  For  relative  decisions,  the  error  in  a  K  x  0  design  is  defined  as 

h  -  (Xi,,  -  m.  )  -  (y .  -  m)  (A.3) 

where  the  dot  indicates  that  an  average  has  been  taken  over  the  levels 
of  the  observer  facet  (o)  under  which  the  unit  ( k )  was  observed.  The 
variance  of  the  errors  for  relative  decisions  is 

<r$  -  <*l.  -  0,e/no  (A*4) 

where  no  indicates  the  number  of  conditions  of  facet  o  to  be  sampled 
in  a  D  study.  Notice  that  (a)  no  is  the  standard  arror  of  the 
mean  of  a  unit’s  scores  averaged  over  the  observers,  and  (b)  the  magni¬ 
tude  of  the  error  is  under  the  control  of  the  decisionmaker.  To  reduce 
<r},  n'o  may  be  increased. 

For  absolute  decisions,  the  error  is  defined  as 


Aj?  -  Xk.  -  uk  (A.5) 

The  variance  of  these  errors  in  a  K  x  0  design  is 

<r%  -  a1  +  -  a%/n'o  +  <r%t,t/no  (A.6) 

In  contrast  to  o$,  a\  includes  the  variance  of  constant  errors  associated 
with  facet  o  (<r&).  This  arises  because,  in  absolute  decisions,  the 
leniency  of  the  particular  observer  that  a  unit  receives  will  influence 
the  unit’s  observed  score  and,  hence,  the  decisionmaker’s  estimate  of 
the  unit’s  universe  score.  For  relative  decisions,  however,  the  effect  of 
observer  is  constant  for  all  units  and  so  does  not  influence  the  rank 
ordering  of  them  (see  Erlich  and  ShavelBon,  1976). 

Finally,  for  decisions  based  on  the  regression  estimate  of  a  unit’s 
universe  score,  error  (of  estimate)  is  defined  as 

tk  -  fit,  -  Uk  (A.7) 

where  £*  is  the  regression  estimate  of  a  unit’s  universe  score,  uh-  The 
estimation  procedures  for  the  variance  of  errorB  of  estimate  may  be 
found  in  Cronbach  et  al.  (1972,  pp.  97ff). 
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(iii)  D  studies  encompass  a  wide  variety  of  designs  including  crossed, 
partially  nested,  and  completely  nested  designs.  All  facets  in  the  D 
design  may  be  random  (random  model),  or  only  some  may  be  random 
(mixed  model).  Often,  in  D  studies,  nested  designs  are  used  for  con¬ 
venience,  for  increasing  sample  size,  or  both.  Observers  may  be  nested 
within  units,  i.e.,  one  team  of  observers  evaluates  the  performance  of 
unit  1,  a  second  team  unit  2,  and  so  on  (we  write  o(k)  or  o\k  to  denote 
nesting).  So,  the  effect  of  the  constant  errors  associated  with  facet  o  is 
confounded  with  the  effect  associated  with  the  unit  by  o-facet  interac¬ 
tion  {ko,e). 

(&ki  -  of  +  <r)|.,e  -  of  +  <x£  (A.8) 

Note  that,  for  a  completely  nested  design,  of  -  a\. 

While  stressing  the  importance  of  variance  components  and  errors 
such  as  of,  G  theory  also  provides  a  coefficient  analogous  to  the  relia¬ 
bility  coefficient  in  classical  theory.  The  generalizability  coefficient ,  p2, 
is  defined  as  the  ratio  of  the  universe-score  variance  to  the  expected 
observed-score  variance,  i.e.,  an  intraclass  correlation: 

p2  -  of/<r\X)  -  of  /(of  4-  of)  (A.9) 

The  expected  observed-score  variance  is  used  in  G  theory  because  the 
theory  assumes  only  random  sampling  of  the  levels  of  facets  and  so  the 
observed-score  variance  may  change  from  one  application  of  the  design 
to  another.  Sample  estimates  of  the  parameters  in  Eq.  (A.9)  are  used 
to  estimate  the  G  coefficient: 

P2  -  of /(fif  +  £j)  (A.9a) 

p2  is  a  bu  sed  but  consistent  estimator  of  p2. 

For  absolute  decisions  a  generalizability  coefficient  can  be  defined  in 
an  analogous  manner: 

P2  -  of/  (of  4-  o\)  (A.10) 

P2  -  of, /(of  +  &l)  (A.IOa) 

Finally,  note  that,  for  completely  nested  designs  regardless  of  whether 
relative  or  absolute  decisions  are  to  be  made,  error  variance  is  defined 
as  a\,  and  so  Eq.  (A.  10)  provides  the  generalizability  coefficient  for 
such  designs. 
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Description  of  the  Tank  Crew  Data 

The  data  on  tank  crew  performance  were  collected  in  the  spring  of 
1971  during  the  annual  qualification  firing  exercises  at  the  Seventh 
Army  Training  Center,  Grafenwohr,  Germany.  The  tank  crews  per¬ 
formed  the  Table  VIII  mission-— Deliberate  Attack  (Live  Fire)— based 
on  the  Army  Training  and  Evaluation  Program  for  Mechanised  Infan¬ 
try  Tank  Force  (ARTEP  71-2,  1978).  The  tank  crews  represented 
three  companies,  with  each  company  comprised  of  throe  platoons  of 
five  tank  crews  each.  The  performance  of  the  45  tank  crews  was 
scored  on  two  occasions,  once  when  they  carried  out  t .**.■  mission  in 
daytime  and  once  at  night.  A  single  observer  scored  the  performance 
of  each  crew  according  to  the  detailed  ARTEP  guidelines.  Scores  for 
the  sample  of  45  crews  ranged  from  a  low  of  210  to  a  high  of  1150.  We 
refer  to  these  scores  hereafter  as  Table  VIII  data. 

In  using  this  data  set  to  demonstrate  the  applicability  of  G  theory  to 
assessing  the  reliability  (generalizability)  of  unit  performance  measure¬ 
ments,  a  caveat  is  in  order.  Although  performance  was  measured  on 
two  occasions,  those  occasions  differed  over  days,  time  of  day,  (proba¬ 
bly)  in  the  observer  who  assigned  the  performance  score,  and  in  other 
unknown  ways.  The  use  of  such  confounded  data  is  contrary  to  gen¬ 
eralizability  theory.  Indeed,  generalizability  theory  stresses  that  each 
of  these  facets— time,  time  of  day,  observer,  etc.— should  be  measured 
and  their  effect  on  the  reliability  of  the  data  estimated.  We  use  these 
data,  then,  heuristically.  They  represent  the  hierarchical  nature  of  unit 
performance  data  and  provide  a  numerical  example  for  demonstrating 
G  theory’s  applicability. 

Classical  Reliability  of  Unit  Performance  Data 

In  classical  theory,  the  best  estimate  we  have  of  the  reliability  of  the 
tank  crew  performance  data  is  the  correlation  between  tank  crew 
scores  obtained  on  two  occasions,  once  during  the  day  and  once  at 
night.  For  a  performance  score  averaged  over  the  two  occasions  and 
ignoring  the  effect  of  platoon  and  company,  th<  reliability  is  0.639. 
(The  pooled,  within-company  reliability  is  0.680.) 

Clearly,  this  reliability  coefficient  is  influenced  by  the  leniency  of 
different  observers,  the  difficulty  of  the  terrain  or  terrains  on  which 
the  missions  were  conducted,  the  differences  between  missions,  the 
time  (day  or  night),  the  day  that  the  performance  was  observed,  and  so 
forth.  However,  we  have  no  way  to  estimate  the  importance  of  these 
possible  sources  of  measurement  error  using  classical  reliability  theory 
even  if  the  facets  of  these  measurements  had  been  systematically  iden- 
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tified  and  manipulated.  Furthermore,  performance  might  be  influenced 
by  the  policies  and  leadership  skills  within  particular  companies  or  pla¬ 
toons.  Classical  reliability  theory  is  mute  on  how  to  treat  these 
hierarchical  data. 

Dependability  of  Unit  Performance  Measurements 

G  theory  provides  a  means  of  treating  the  typical,  hierarchically 
nested  units  of  analysis  found  in  military  data.  In  the  Table  VIII  data, 
crews  are  nested  in  platoons  which  are  nested  in  companies.  G  theory 
first  requires  identification  of  the  decisionmaker  or  at  least  the  level  in 
the  hierarchy  (crew,  platoons,  or  companies)  on  which  decisions  will 
bear.  Some  decisionmakers,  for  example,  may  be  interested  in  crew 
performance,  whereas  others  may  be  interested  in  the  performance  of 
platoons  or  companies.  The  point  of  interest  has  implications  for 
estimating  the  generalizability  (reliability)  of  unit  performance  meas¬ 
urements.  If  the  decisionmaker  is  interested  in  crew  performance  and 
wishes  to  generalize,  say,  to  the  performance  of  those  crews  over  mis¬ 
sions,  observers,  and  days,  then  the  generalizability  of  the  performance 
measurements  will  refer  to  the  systematic  variation  between  tank  crews 
due  to  nonchance  differences  between  the  crews  themselves,  between 
the  platoons  in  which  they  operate,  and  between  the  companies  in 
which  the  platoons  operate  (Cardinet,  Toureur,  and  Altai,  1981;  for  a 
review,  see  Shavelson  and  Webb,  1981).  Now,  consider  the  case  where 
the  decisionmaker  is  interested  in  the  performance  of  platoons.  In  this 
case,  the  set  of  platoons  nested  within  companies  forms  the  population 
of  interest,  and  systematic  variability  in  the  performance  of  tank  crews 
nested  within  the  platoons  introduces  error  into  the  measurement  of 
platoon  performance, 

To  demonstrate  the  application  of  G  theory  to  hierarchical  popula¬ 
tions,  we  use  the  Table  VIII  data  set  with  crews  (fc-5)  nested  within 
platoons,  and  platoons  (jf-3)  nested  within  each  company  (f-3).  Per¬ 
formance  is  measured  on  two  different  occasions  (1-2  occasions,  day 
and  night).  In  shorthand  form,  we  write  this  design  as  companies  x 
platoons  (companies)  x  crews  (platoons:companies)  x  occasions. 

For  each  source  of  variation  in  this  measurement  design,  the  under¬ 
lying  variance  components  can  be  determined  by  taking  the  expecta¬ 
tion  of  the  mean  squares  (see  Table  A.2).  By  setting  the  expected 
mean  squares  equations  equal  to  their  corresponding  observed  mean 
squares,  we  can  solve  for  each  variance  component,  as  has  been  done  in 
Table  A.3  using  Table  VIII  data.  These  variance  components  provide 
estimates  of  the  magnitude  of  error  contributed  by  each  facet  of  meas- 


Table  A.2 


EXPECTED  MEAN  SQUARES  IN  A  C  x  P(C)  x  Cr(PC)  x  0 
GENERALIZABILITY  DESIGN 


Source 

Expected  Mean  Squares 

Companies  (C) 

+  kopo  +  jka^Q  +  lap,  +  W<r$  +  jkla § 

Platoons  (P:C) 

4t  +  hopo  +  14,  +  Map 

Crewe  (Cr:P:C) 

4,  +  l*Cr 

Observers  (0) 

+  hopo  +  jk<4o  +  ijkafa 

C  x  0 

+  kffpo  4-  jkaco 

P:C  x  0 

cmi  +  kapo 

Cr.P'C  x  0,  e 

Table  A.3 

VARIANCE  COMPONENTS  FROM  THE  TABLE  VIII  DATASET 

Estimated  Variance 

Source  Mean  Square  Component 


Companies  (C) 

58461 

0° 

Platoons  (P:C) 

78636 

1607.19 

Crews  (Cr:P:C) 

41)303 

15967.50 

Occasions  (0) 

244505 

3573.21 

C  xO 

83711 

3538.79 

P:C  xO 

30629 

3436.17 

Cr:P:C  xO  (ret) 

31448 

13448.20 

“Negative  variance  component  eat  to  aero. 


urement  as  well  as  an  estimate  of  the  systematic  variation  due  to  the 
focus  of  measurement  (e.g.,  tank  crews). 

In  theory,  a  variance  component  cannot  be  negative.  With  sample 
data,  such  as  the  Table  VIII  data,  a  negative  variance  component  can 
arise  either  due  to  sampling  error  or  misspecification  of  the  measure¬ 
ment  model.  If  the  former,  the  most  widely  accepted  practice  is  to  set 
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the  variance  component  to  zero,  as  we  have  done  in  Table  A.3.  If  the 
latter,  the  model  should  be  respecified  and  variance  components 
estimated  with  the  new  model.  Our  rationale  for  setting  the  company 
variance  component  to  zero  is  the  following.  First,  the  difference  in 
mean  performance  of  the  three  companies  is  small:  770.90,  763.33,  and 
692.93.  Variation  among  company  means  accounts  for  only  0.3  percent 
of  the  total  variation  in  the  data.  We  believe,  then,  that  the  best  esti¬ 
mate  of  the  varianco  due  to  companies  is  zero  and  the  difference 
among  sample  means  represents  sampling  error.  (For  a  review  of  the 
substantive  and  statistical  issues  regarding  negative  variance  com¬ 
ponents,  see  Shavelson  and  Webb,  1981.) 

The  largest  variance  component  in  Table  A.3  is  associated  with 
crews;  crew  performance  differs  systematically,  and  the  measurement 
procedure  reflects  this  systematic  difference.  The  next  largest  com¬ 
ponent  is  associated  with  the  residual,  indicating  that  error  is  intro¬ 
duced  due  to  inconsistency  in  tank  crew  performance  from  one  occa¬ 
sion  to  the  next  and  other  unidentified  sources  of  error  (e.g.,  incon¬ 
sistency  due  to  time  of  day,  observer,  terrain,  and  the  like).  The 
remaining  variance  components  are  roughly  one-fourth  the  size  of  the 
residual,  with  the  exception  of  the  component  for  companies. 

Since  the  variance  component  for  companies  is  0  and  the  variance 
component  for  platoons  is  the  smallest  one  remaining,  we  conclude 
that  neither  sufficiently  influences  variation  among  crews  enough  to 
have  an  important  influence  on  the  systematic  differences  between 
crews. 

Since  decisionmakers  are  interested  in  the  reliability  of  unit  per¬ 
formance,  one  possible  method  for  calculating  the  generalizability  coef¬ 
ficient  for  crews  is 

p2(creivs) - - 0.66  (A.ll) 

^hr(P\C)  +  - - H  ~ — 

no  no 

The  generalizability  of  a  tank  crew’s  performance,  averaged  over  the 
two  observation  occasions  (day  and  night),  is  0.66.  If,  however,  the 
decisionmaker  is  interested  in  the  generalizability  of  the  score  of  a  sin¬ 
gle  tank  crew  selected  randomly  and  observed  on  one  occasion,  the  reli¬ 
ability  drops  to  0.48.  This  large  drop  in  generalizability  (reliability)  is 
due  to  the  large  residual  of  (C)  x  (P  :  C)  x  (Cr  :  P  :  C)  x  occasions 
end  other  unidentified  sources  of  error. 

Cardinet  et  al.  (1981)  argue,  and  we  concur,  that  the  universe-score 
variance  is  comprised  of  all  components  that  give  rise  to  systematic 
variation  between  crews.  In  this  case,  variation  due  to  companies  and 
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platoons,  as  well  as  variation  due  to  crews,  would  be  considered 
universe-score  variation.  Characteristics  of  companies  and  platoons, 
such  as  leadership  ability,  contribute  to  systematic  variation  between 
crews.  Following  Cardinet  et  al.,  this  generalizability  coefficient  for 
crews,  averaged  over  iwo  observation  occasions,  is 

pHcrews*)  - 

(A.  11a) 

_ $r(P:C)  +  <7^(0  +  cr$ _ ^ 

abr(P\C)  +  <#<C)  +  $  +  —  + 

'  '  11  n0  n0  no  no 


We  write  p2(crews*)  to  distinguish  this  coefficient  from  the  one  in  Eq. 
(A.ll). 

Surprisingly,  by  increasing  the  universe-score  variances  (i.e.,  Eq. 
(A.lla)),  the  gt ueralizability  coefficient  decreased,,  for  two  reasons. 
The  increase  in  universe-score  variance  by  incorporating  systematic 
variation  due  to  companies  and  platoons  was  negligible 

0$  “  0,  <$(0)  —  1607.19. 


And  the  additional  error  introduced  (oj>(oo  and  afro)  by  incorporating 
these  sources  of  universe-score  variance,  while  not  large  relative  to 
other  sources  of  error  variance  (e.g.,  an,),  were  large  relative  to  the  sys¬ 
tematic  variability  of  companies  and  platoons. 

If  the  decisionmaker  is  interested  in  platoon  performance,  the  gen- 
eralizability  of  the  measurement  can  be  estimated  (aggregating  over 
crews  within  platoons  and  occasions)  as  follows: 

platoons )  - 

_ rt[C± _ v _ 

4(C)  +  .*fese»SL  +  ?L  +.  skm.  ■+ _ _ 

ncr(P,c)  no  no  ncr(Piono 

Notice  here  that  crews  is  considered  a  source  of  error— variability  in 
crews  introduces  error  in  estimating  the  performance  of  the  entire  pla¬ 
toon,  the  average  (or  sum)  of  the  performance  of  a  platoon’s  individual 
crews.  Indeed,  variation  among  crews  constitutes  a  major  source  of 
error.  The  low  generalizability  coefficient,  then,  reflects  the  fact  that 
there  is  greater  variability  among  crows  within  a  platoon  than  there  is 
variability  among  platoons. 


(A.12) 

-  0.17 


Validity  refers  to  the  accuracy  of  a  proposed  interpretation  of  a 
measurement.  For  example,  the  following  question  might  be  raised  of  a 
reliable  (generalizable)  unit  performance  measurement:  “How  accurate 
is  this  measurement  for  deciding  whether  a  mechanized  infantry  unit  is 
likely  to  accomplish  its  mission  in  wartime?”  Whereas  a  generalizabil- 
ity  coefficient  tells  you  how  dependable  a  measurement  is  from  one 
occasion  to  the  next,  one  observer  to  the  next,  etc.,  a  validity  coeffi¬ 
cient  provides  an  index  of  the  accuracy  of  the  proposed  interpretation 
of  that  measurement.  One  way  to  examine  the  validity  of,  for  example, 
Table  VIII  scores  would  be  to  observe  tank  crews  in  the  Table  VIII 
simulation  and  the  same  crews  performing  a  mission  during  wartime. 
While  this  is  unlikely,  it  points  out  that,  ultimately,  we  use  Table  VIII 
scores  to  tell  us  something  about  how  well  tank  crews  would  perform  in 
a  wide  variety  of  conditions  and  missions  that  are  important. 

Criterion  situations  such  as  wartime,  of  course,  are  not  available  for 
validation  purposes.  Compromises,  then,  are  made  in  validity  studies. 
One  such  compromise  is  to  observe  tank  crew  performance  in  a  simu¬ 
lated  wartime  setting.  Tank  crews  might  be  observed  under  a  wide 
variety  of  missions  against  a  wide  variety  of  different  opposing  units  in 
a  “war  game.”  Although  this  is  not  the  criterion  situation,  war,  it  may 
provide  a  fairly  high  fidelity  simulation  of  one  small  part  of  a  wartime 
operation. 

A  second  method  for  validating  an  interpretation  is  to  measure  unit 
performance  by  different  methods.  This  is  akin  to  the  astronomer's 
method  of  triangulation.  If  very  different  methods  of  measurement 
agree,  confidence  is  increased  in  the  interpretation  of  the  performance 
measurement.  For  example,  the  data  set  described  above  contained 
Table  VIII  scores  and  ratings  of  tank  crew  performance  by  an  expert 
with  many  years  of  mechanized  infantry  battlefield  experience.  Here 
are  two  somewhat  different  measurement  methods.  Table  VIII  scores 
are  based  on  observers'  records  of,  for  example,  the  number  of  enemy 
casualties;  the  scale  has  a  sample  mean  of  192.45  and  a  standard  devia¬ 
tion  of  115.97.  The  expert  rated  overall  performance  on  a  three-point 
scale:  below  criterion  (0),  above  criterion  (1),  and  excellent  (2)  (for 
this  analysis,  we  collapsed  the  last  two  categories  and  so  the  scale  takes 
on  two  values,  0  and  1,  x  -  0.5  and  s.d.  -  0.5).  Even  though  both 
measures  are  less  than  “maximally  different”  as  theory  dictates,  they 
are  getting  at  the  same  thing,  the  performance  of  tank  crews  (perhaps) 
in  wartime.  The  correlation  between  the  two  measures  of  tank  crew 
performance,  then,  should  be  high.  It  was  (0.83);  this  increases  our 
confidence  that  the  Table  VIII  measures  captured  some  important 
aspects  of  tank  crew  combat  performance. 
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More  generally,  validation  is  a  process  of  amassing  evidence  that 
increases  our  confidence  in  the  accuracy  of  the  proposed  interpretation. 
This  process  is  to  pose  counterinterpretations  to  the  proposed  interpre¬ 
tation  and  collect  data  to  see  if  the  proposed  interpretation  holds  up. 
In  this  respect,  we  cannot  set  forth  all  possible  methods  for  validating 
unit  performance  measurements.  Validation  depends  on  the  proposed 
interpretation  and  counterinterpretations. 
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SUBROUTINE 


6 


10 
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GNOM  COC  6100  FTN  V3.0-P360  OPT-1  1 

SUBROUTINE  GNQM 
REAL  LANRfLAMOR 

COMHCN/CNST/A ,E »S,PHIQR»LAMOR* R »RC *PI» PHI *PH2»RTD 

COMMCN/INOUT/PHIR»LAMR,X,r 

SNP«SIN(PHIR) 

SNPO-SIN(PHIOR) 

CSP»COS(PHIR) 

LSPO»COS  (PHIOR1 
SNL»SIN1L AMR-LAMOR1 
CSL«CCS(LAMR-LAMOR» 

Xs  A*$*CSP*&NL/ ( JNPO*SNP+GSPQ*CSP*CSL) 
r*A*$MCSPO*SNP-SNPO*CSP*CSLI/ CSNPO*SNP+CSFO*CSP*CSL» 
RETURN 
END 


SUBROUTINE.  A2&UUU 


COC  bCOfl  FT N  V3.0-P38Q  OPT»i  1 


IjUuROUTI Nfc  AZEQUD 
k£  AC  LAMRf 4.AMOR 

CO(lMCN/CN:»T/A,fc,S.PHlQR«CAMOR»R»RC»PI*fHi,PH2|RTO 

C0NMCN/1N0UT/PHIR,LAMR,X,Y 

bNP«SIN(PH!R» 

$NPO*SIN(PHlOR) 

CSP«COS(PHIR» 

csposcoa (phior> 

SNC»SIN(LAMR“LAM0R> 

C3w*CCS(LAHR-CAH0R> 

PSisACQS(SNPO*SNP+CSPQ*CSP*CSC  > 

CST«SNc*CSP/SIN(PSI> 

SNT«<CSPG*SNP-SNPO*CSP*CSC)/SIMPSII 

X«A*S*PSI*CST 

Y»A*S*PS1*SNT 

return 
b  NO 
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SUBROUTINE  ORTHO  COC  6100  FTN  V3.Q-P360  OPT*t  1 

SUBRQUTI  N£  ORTHO 
PEAL  LmHR»lAHOR 

COMMON/ GNST/A»E»S|  PH  ICR ,  LAHOR  ,  R  »RC  »PI »  FMl  ,PH2,RTD 
COMMON/I NQUT/P HI R»  LAMR »  X  ♦  Y 
»  $»NP*SIN(PHIR> 

CSP*CQS  <  PHlft) 

SNPO«  SIN  CPHZOR I 
C3P0*C0S IPHIOR) 

SNL*SIN< l AMR-L AMOR) 

10  CSl*C0S  <L AMR-L AMOR) 

IF  ( ABS  (PHIOR)  #LE.»Q001)  GO  TO  1 
PS  I* ACCS  CSl'Fi'.!*  SNP*CSPO*CSP*C  SL ) 

TH1*ATAN2  UCSPO*SNP-SNPO*CSP*CSL) » (SNL’CSP)) 
SNS=SINiPSll 

IS  X*A*S#5NS#C0S (THT ) 

Y»A^S*SNS*SIN (THTI 
return 

1  PSI«ACOSICbP*CSL) 

SNS-SIN(PSI) 

20  IF  (ABS (SNL )  «L£«*0QQi)  THT«PI/2. 

IF(A6S(SNu).LE..OOOi)  GO  TO  2 
THT* ATAN2  <T  AN  <  PHIR)  ,SNL) 

2  X*A*S*SNS*C03 (THTI 
Y*A*S*SNS*SIN  (THT) 

25  RETURN 

ENJ 


SUBROUTINE 


5 


10 
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SIMCN2  COG  6600  FT N  Y3.Q-P38Q  OPT-1  1 

SUbROUTINE  SIMCN2 
kEmL  UNR»LAHOR 

COMHON/CNST/A#E|S,PhIOR»LAHOR|R,RC*PI«PHl,PH2»RTO 
COrtHON/INOUT/PHIR»LAHR,  X,  Y 
C SR 1*CQS (PHI) 

CSP2«CO&(PHZ> 

G1*(CSP1-C6P2) /(PH2-PH1) 

RH1* (PH2-PH1)/ I1.-CSP2/CSP1) 

RHO*KHi-PHIR^PHl 

X*w*S#RHO*SlN(U.AMR«LAHOR)*Ci) 

Y«A*SMRMl-RHO*COSULAMR-lAMOR)*Ci)> 

RETURN 
E  NU 
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SUBROUTINE 


SIHCL  COC  6 COO  FU  V3.0-P380  OPT-1  1 

SUBROUTINE  SIHCL 
REAL  LAMR,LANOR 

COhMON/CNST/A  »E»  S» PH  I OR  yLAMQR*  R  «RC«PX  »FHi «FH2  tRTD 
LOMMCN/ 1 NOUT/ P HIR » LA  HR >X  » V 
X*A*$MIAHR-LAMQR>/PI*2. 

v*a*s*phir 

RETURN 

END 
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SUBROUTINE  FOLY  COC  6600  FTN  V3.0-P36Q  0PT«1  1 

SUdRQUTI NE  POLY 
R£mL  IAMR *  LAHOR 

LOMMCN/CNST/A»6|S»PHIOR»LAMCR|R|RC»PI»FH1»PH2»RTD 
COMMCN/I NOUT/PHIRt  LAMR* Xt  Y  ' 

5  IF (PHlRt  N£»  0« )  GO  TO  1 

Y«u. 

X«A*SMLAMR-LAHOR) 

RETURN 

1  C  SP*C0S ( PHlRI 
10  SNP*SIN(PHIR) 

bNt*SIN( (L AMR" LAHOR  I  *SNP> 

C3L*CCi>(  (LAHR-LAMCRJ  *SNP) 

X  *  A  •  S  ♦  CSP  *  SNL  /  SN  P 

Y«A*SMPHIK-PHIOR+CSP*(1.-CSl»/SNP) 

18  RETURN 

ENO 


Appendix  A. 2 
ANCILLARY  PROGRAMS 


Four  ancillary  programs  were  required  to  gcnerute  the  tables  of  Chapter  3.  These  ure 
GEOCEN,  CURVA,  MERID,  and  CIRCLE.  These  programs  are  Included  In  this  appendix. 

In  nil  of  the  programs,  DLPHl  is  the  Increment  in  latitude  in  radians,  and  DLPHID  is  the 
increment  In  degrees.  I  is  the  number  of  increments  to  be  calculated  and  printed.  All  four 
of  these  programs  have  the  constants  of  the  WGS-72  spheroid  Included  In  them, 

GEOCEN  gives  geocentric  latitude  us  u  function  of  geodetic  latitude,  and  geodetic 
latitude  as  a  function  of  geocentric  latitude.  CURVA  calculates  the  radii  of  curvature  in  the 
merkllunnl  plane,  and  perpendicular  to  the  merlrilunul  plane,  as  a  function  of  the  geodetic 
latitude.  MERID  produces  the  distance  along  the  merldlnnul  ellipse  corresponding  to  l'  of 
urc  us  u  function  of  geodetic  latitude.  Finally,  CIRCLE  gives  the  distance  along  a  circle  of 
parallel  corresponding  to  I '  of  arc  us  a  function  of  geodetic  latitude, 


PROGRAM 


CUFVA 


GDC  6600  FTN  V3.0-P 


PROGRAM  CURtfAt  INPUT, OUTPUT) 
PRINT  1 

1  FORMAT  (1H1) 

E*.0  8181 
A*63  78165 « 

PHI*  0  • 

PHIO«il. 

DlPHI*. 0672665 
OLPHIO-5. 

R*E»E 
FAC-1. -E2 
DO  2  1*1,19 
SN*5TN  (PHI ) 

5N2*SN*SN 

RP*  A/S  GIRT (1»-E2*SN2) 
R«BRP*FAD/<1.-E2*SN2) 

PRINT  3,PHID,RP,RM 
3  FORMAT  (5X  »F6,2  »5X,F9  *0 , 5X  ,F9*  0  I 
PHI«PHI*DLPHI 

2  PHIO*PHIO*QLPHID 
“OP 


PROGRAM 


5 


1C 


4$ 
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GEOCEN  COC  fefcCa  FTN  V3.Q-P38 

PROGRAM  GEOCEiMdNPUT, OUTPUT) 

PHl»c  . 

PHio«a. 

E*  <3  8181 
DELPHI  * *0  872665 
QLPHD»5. 

FAC*SQRT (l.-E*E) 

PRINT  3 
3  FOKMAT(lHi) 

DO  1  I«  1 1 1 H 
TPP»FAC*TANIPHI) 

TP»T  AN (PHI)/F  AC 
PPU*ATAN(TPP)*57.2958 
PD*ATANTTPI*57»2958 
PRINT  t.PHIO,PPQ,PHID.PD 
2  FORMAT  t2X,F&.2»5X»F8.H»5X»F6.2,5X,*S.4) 
PHIO*PHlD*DLPHD 
1  PHI«PHI*DElPHI 
STOP 
ENQ 


20 


328 


PROGRAM  MERIO  COC  6600  FTN  V3.0-P 

PROGRAM  MERIO  (INPUT, OUTPJTJ 
PRINT  1 

1  BORNAT ( 1  Hi ) 

6*. 08181 

5  E2«E*E 

E4  *  2  2*  E 2 
E6*E2*E4 
*■63/8165. 

CFi«l.-E2/4.-3.*E4/3Z 

10  0Fl*i,-S2/4.-3.*E4/64.-5.*E 6/255* 

3F2«3.  *E2/  8.*  3.  *E4/3 2.  ♦‘♦3. *E6/1 024. 
CF3«15.*E4/236. ♦45*E6/1024. 

5F4«J5i*E6/30T2. 

®HI*0. 

13  PHID-0, 

OLPHT«. 03/2663 
OLPHI 0«5 . 

DO  2  1*1,19 
PHIt«P-tf-1.4S444£-4 

20  PHX*«PHI»1. 454446-04 

SN2«2.*(:0S<PHI24-PHI1)*SIN<'»HIZ-PHI1)  ) 
SN4*2.MCOS(2.»(PHI2fPHll)>  *  SIN  (2 .  *  <  PHI2-PHI1  >) ) 
SN5*2 i * (COS(3.*(PHI2fPHIl) > *SIN(3.* (PHIZ-PHIim 
0«  AM3F1M  PHI2-PHI1) -CF2*SN2»GF3*SN4-CF4*SN6> 

25  ORINT  3,  PHIf),  O 

3  BORM AT (3X,F6,2,3X,F9.3> 

PHIiPHlPOLPHI 

2  PHI3«PHlD*DLPHIO 
STOP 

30  EN3 


PROGRAM 


5 


10 


15 


20 


CIRCLE  COC  6600  FTN  V3.0-P361 

PROGRAM  CIRCLE  ( INPUT  *  OUTPUT* 

E* *06161 
A-6376165 . 

0LAM»2*9£i8e8E-P 

PHI-0* 

PHIQ-0 • 

0LPMI-. 06  72665 
OLPHIO-5. 

PRINT  1 

1  FORMAT  61  HI  A 
DO  2  I*l» 19 
SNP-SIN4PHX) 

SN2-SNP*SNP 

0«A*DLAM*COS<PHH/SQRTU.-fe‘*t*SN2l 
PRINT  3*  PHXOiO 
3  FOKMAT(5X,F6.2,5X*F9.3> 

PHI-PHI ♦DLPHI 

2  PHlO-PHID*DLPHID 
STOP 

ENO 
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price  competitive  contracts,  56  percent  of  the  negotiated  price  competitive  dollars,  and  61  percent 
of  the  advertised  contract  dollars. 


W  M 

4-i  r—  l-i 

y  v 


O  »— I  in  *H  m 

©  H 


o\  »  oo  n  h 

C"l  —4 


a  to 
at  a 
p  o 
M  •• 

2L  tJ  g 

rt  o 
no  »-i 

Ps  QJ  rH 

xl  o 


on  p*  co  so  on 

H  s  A  CM 

o  on  no  on  *h 

4  .  K  A  4 

P«H  ©  ^  ^  A-S 

•st  •“*  pm 

</> 


vC  »  N 

n.  en 


n©  on  — ^  p.  p-- 

oo  r-  on  vO  -st 
.NJNON 

4  4  4  4 

<  N  N  N 
CM  A-t 


<f  N  ®  ifl  H 
CM  <-o 


sa  j 

2  o  -Q 
£  o  u 


"8  4J  <0 

worn 

§  g  » 

o  y  o 
o  ji  o 

O  6.  *H 
B  4J 

mt  3 

w  tM  JO 

a  —I 
o  M  l-i 
^  o  u 

U  44  1/1 

rt  h 
u  v 

•M  (U 
44  U  0) 

•h  a  x 

■o  5  41 

o  o 
B  U  •> 

a  to  8 
4J  a  o 

U.S  8P 

0)  4J  U 

x  m  « 
4J  u  0 
O 

Mh  T3 

83  g 
•3  i  £ 

3  .  s 

U5  4J 
4J  M 

y  to  a> 
to  1H  W 
U  iH  04 
4J  O  X 

a  "o  4J 
o 

U  QJ  C 
X  'H 
4J  X 


W  Z  W 

S3  & 


O  X  — t  t 

m  x  o 

on  m  in  no 

•  A  * 

OOON 

f«H  O 

PM  —<  -« 


£  8 
•i-l  4J  U  U 

T3  O  4J  4J  4J  *J 

5  «l  y  a  y  s 

i  tm  ,o  o  o 

u  y  G  y  o 

B  0  44  W 

«  o  a  y  a  y 

x  o  q  y  o  a) 

M  o  u  O  4J 

p  ±J  4J 

U  0)  <U  OJ  0)  OJ 

ii  i  .5  ^  a  ^ 

4J  a  U  H  4J  M 

O  rd  i-t  B 

U  B  *h  B  >r-l 

ajj  'H  41  H  fl 

•O  144  .W  144  ® 

■8  a  &  >9  &  u 

4J 


tf  on  st  st  rs 

CM  On  no  vO  On 

00  in  On  4-4  O 

4  4  4  4  4 

o  cn  i-4  cn  cm 

m  n  n  h 


1^1 


0^0 

°  S  o 

M  0> 


^  u 

g  (J  4J 

Xl  14 

h  y  °  • 

■>4  y  41  n 

B  «  fl  N 
a)  a)  cm 

-s  r-l  y 
v>  y  s^ 

444  13  g.  05 
O  3  4J 
II  sf  O 

w  y  oo  B 
d  m  y 

.2  13  a 

4J  3  O 

3  *  g  y 

x  u  y 
X)  y  y 

■H  U  T3 

■S  S.  2 


DEPARTMENT  OF  DEFENSE 

PRIME  CONTRACT  AWARDS  BY  SIZE  AND  BY  MILITARY 


DEPARTMENT  OF  DEFENSE 

PRIME  CONTRACT  AWARDS  BY  SIZE  AND  BY  MILITARY  DEPARTMENT  (CUMULATIVE) 


s 

01 

0£ 

s 

>■ 

-I 

a 

in 


w 

M 


NWONOOMOOV® 

®®®inonp--®N® 

p-OSOO^OOONN 


'•(NoonostioK 

p«i-nnnaa 


OOSOOOMO-NO 

§SS8£8mi?8 

0itiiNN««(.aao 

« 

SON-p-VONOOO 
WN«5®®J«®0?- 


p<M«tO  Yl 


N  O  V  N 


-  N  «  ®  V  N  Cl 
-  N  V 


8885888888? 

®'  o'  N  o'  V  O*  ®"  o'  I*?  «'  o' 
oon^oomosN- 

NOp-OOOOOOOO 

CMOONNNWVON 

p-N>a®oin®>~o 
-  N  V  N 


3NJOOOOOOO® 
O  O  Cfl 


_ _ OANOIMOVN 

OlOt’-OONONOO* 

o'  ti  o'  o'  n  o' «  o'  r  r"  *Jj' 


‘NNNI 


(M'VOOO-ONOOa 

NW-0«SOONO- 

OOTOVOOOp-SO 

NOANNNANN 

-N^OOOOrt® 


ONNOOOOTOOO) 

ONONOOIONWO® 

0>p-NNNO®*.-«rt 

NNNNANNNNNN 

tVMBOOrNNN 

« 


p-OONp-p-O® 
p-  N  O  O 


()OI)N«0#N»tlp 

rlWBBNO'IBJ 

nisNBiBD'ren 

o’  o'  o'  o'  <m'  in  n*  6  n  o'  d 

OOVTOOOOOOO 

w 

P-00»<--00^0-^ 

r»®MONON-ONN 

OOVOOOIOOOOIN 

~V*5»8SS88 

p-  -  N 


ONN-’-OmOOOO 


«a«OT^Op-o®o 
—  ^(or-«®o>o>oio 


NttNNRTMOTO 

OONO^SNOOod 

PPN»»#0 


N000«p-«p-000 

ddddddddddd 

OOONNOOOOtOlO 


OVONO®»-OONO 

d  o’  d  p-’ «  d  d  «’  d  »  o 
p  auio 


taNotaoooto 

o  o  o  <vi  d  o  d  p-  5  d  d 
YnitNNOsaoiao 


vsNQNawoao 

ddr-’ddddo^jd 


ONNOOONNOnO 

8  s  n  y  ai  ()  ifl  o  n  n  d 
VOOSNOOOAflIO 


VNOOp-NOOVKO 

ddp-dioddddgg 


Noaoooonnoo 
d  o 


ssasoo 
n  T  O  O  N  o 


SSSno 


l  !  a 
c  >  u 

si 

RROtSR 

Tf  O  rr  N  0  0 

388 

ooosp-ootr. 

:  1 

l\ 

N  <8 

a  s  n  0  p-  i 

on® 

OOp-NOO^O 

o  o 
i  o  o 


RpOaOflaSNRO 

ddd-ddddddd 

TOOSNOOOOOIO 


nNntpaNRpRO 

ddddaidp-dddd 
t-  p-  o  o  o 


ggggggggggg 


ooooooooooo 

OOOOOOOOONp- 

OOOOOONp- 


OBRp 

r- 

« 


ggggggggggg 

005000 
1  o 
I  o 


e8 


o 

o  _ 

0000 

o"  o'  N  -' 
#— 

w 


RRp 


000 

BNp 


v> 


DEPARTMENT  OF  DEFENSE 

PRIME  CONTRACT  AWARDS  BY  SIZE  AND  BY  TYPE  OF 


CTv 


g 

O  O 

i  3 

X 


>■ 

-J 

8 

(0 


« 


id 

O  Ui 
~  > 
at « 
a.  H 

D  ii] 
V2 


5 


£ 

3 

8 


N 

« 


ONV0000-NN- 

MOfll)N#)IOrri- 

0000000000* 

00NNNSN000® 


•-N00O0N--NV® 
0  *  0  0  0  %  0 


0 

V 

V 

0 

at 

0 


rMSOnN00»0O 

i  w  to  k  0  oi  at  6 


OdN 
N  N  0 


Solabi  (7i«oio 


NNONOIOMnrTO 

NvoNotoddNoid 

•-NNOtICNO 


i-#O'-O^NM0#J 

MOTONANMISdO 

KlMPddOO'-i-i-N 


s 

0 


i  5  k 


0MOOO«ltfr'' 
r»#NN««tOL- 
•-  «  v  «  •-  ®  to  o 

®  *  0  ® 

*•  N  V 


Vi-C0®»Olt«SO 

s  o  oi  V  o’  in  oi  n  ui  o  o 

*0ONO0®OtO»OIO 


tNf)N#0#r-nw0 

o’  N  T  S  M  to  ®  V  ®*  o’ 

--NVIOO 


NO® 

NOV 


id  AviAdihn 


0OVN0-QIQNO*- 

-NNOINOnciniH 

0 

VP7N«0®«IHI 

T-gONVOOWNWO 

nonu«oaNi«Ntr 
000*000000 
r-NT0TOM)9N 
-N«N« V 
«“  N 


0 

0 

0 

8 


0VN0WN0OMOOO 

daflUNNOniriito 

VV00NN0O0AO 


NVO0NANWOO 


ooo'-nnvn 


mono 
•-  «  n  o 


nogsjiinoiNoiqr 

EgSasQssuBn 

iHiUiUii 

« 

•“®0**»-IO0VO*-V 

N®N»<MI0N^«WN 

00VO00n00«N 

0000000000 

-**28 iUsSS 

•“  «-  N 


O 

D> 

« 


»r-o0onvN(\jno 
n  v  0  k  ®  <\i »  ai  v  n  o 

VID0NN0000OO 


HMIOraeigirttO 

o’  d  k  N  »  N  k  O  g  N  g 


^^ggggggggg 


O  O  I 


_  §8 

ooo 


o 

o 

OOObflSr 


O0N- 


IU  111  Ui 

c«E 


1811 


ggggggggggg 


gooqqq 


_  O  o 

ooo 


O  0  N  »- 


oSooo8*2 

O0ON<- 


«  LESS  THAN  0.06  PERCENT 
PERCENTAGES  BASED  04  THOUSANDS  OF  DOLLARS 


TABLE  3  (CONTINUED) 


O 


«#0NNS#0--0n 

S'»N0n0®Q0t»<j 

itMtonovith-tn 


o*-0^«*O00.-© 

O^ON«SSOO<-N 

-Cg*0Cg*eg0.- 

n  a  %  *  • 

<-  eg  0  0  (g 


soooooooooo 

oMinvnNtAonnn 

«N0pfl«gii)»ii)iii 

«'*'  V»  0' 0' 0' 0' 0' 0' 0' 

0 

MSTtt«ioo)Aiago 

N-7BNBN1INSO 

•-NvitaNgN'-nie 

-'  t-T  r-'  eg'  eg'  eg 


NnNNi>n®«NN« 

*-e>)0eg»-0S0«-r»F- 

ONitoananooo 


o0h-Bro0®0N0>- 

g0i-e#Or#g#g 

NngieNsoNf 


«<-Nnogi«itvN  j 
MOUNAOTItnitO 
O00»A®<-n«o<- 

w  w* «  *  0'  0“  ®  0  0'  s'  s' 

0 

00(M»0N-(gO00 

oouonvonna® 

Nn-NnONIDflN 

-'  eg' o'  0  ©' o’  s'  o' 
eg 


IdUJUHUUJLJUlUJUlliJUJ 

Q'KECQ'flCfleKKaiii; 

88838288882 

KKKCKCKKItlirK 

OOOOOOOOOOO 

OOOOOOOOOOO 

OOOOOOOOOOO 

OOOOOOOOOOO 

o'  o'  o'  o'  o'  o'  o'  o'  o'  0'  o' 
ooooooooncg*- 
ooooooeg*- 


NOIONt'r>-tSBO 

3  0  s’  W  d  d  0  eg  ~  s’  o 
oogrioossoooo 


igAACONIDCANO 

o’  o’  o’  — ’  t  s'  o’  oi  eg  o  o 
—  *-  v  s  o 


»RMI«OSI0«OO 

dujsegddedoiendd 

0S00O- 


8©  o  < 
001 


«»f  ititnoomso 

Rrdsips’sdd^^d 

rNne»«o«o 


-OIDNIDOOOVtIO 

0’  v  w  o’  5  0  0' 0  0  oi  o 
00090000000 


0O>-00r-os-(go 

e\i  0  0  e»  ei  eg  oi  0*  0  o’ 
^«ovg#s«o 


NflT0o*ne0vo 

e»dW^0^0cgs0O 

igtcos0O0ooo 

BTO00O0S000O 

d^egw^sdddwo 
-  eg  v  0  9  0 


LILUUIUIUJliIUJUlLJUJUJ 

KKKKKKKCKCK 

88222822222 

|KKK  K  KK  OE  K  K  K 
OOOOOOOOOOO 

OOOOOOOOOOO 

oooooooooco 

OOOOOOOOOOO 

o'  o'  o'  o'  o'  o'  o'  o’  o'  0'  o' 
0000000000- 

OOOO0BNr 

H  «*  0  * 

o  0  eg  - 


£ 

M 

U 

> 


111 


to 


to 

? 


y 

s 

a 

s  s 

o 

01  ®J 

z 

-  3 

< 

111 

9  2 

N 

UJ  z 

a® 

V) 

(0 

>•  ~ 

i  £ 

8  1 « 

Z 

s 


ha 

> 

H 

E 

0. 

§ 

s 

N® 

£ 


in 

?* 

i3 

ga 


-i 

£ 

P 


Q 


ffi 


"tDrittnitotv 

NftlNNOTIOOiON^a 

Mi<oitN9i>-«n'«n 

»»  »*  n  to  a'  o'  «m'  a  d  d  n 

w 

IONOaiO«0)<-0)<MN 

r'-*N*r*»CMOMvo 

22  8888 


CM 

CM 


Oflon^®cnocyj^«ow 

iookWoou^ncov 

n  «  m  to  »•  «  co  a  o  o  <- 

r*  r-  f- 

M 

O®S«f)O0IN»f-« 
-nnNU»«fflA«N 
>*NltflN«0  ANlif 


01 

’T 


W 

* 


-  «l  *  N  <\l 


28S8 


a88888®IS8SS 

OINM^Sf  nUSIMV 
**«*«*■**«« 

-N««****»I0 

a 

NNflMONNNOttlAS 
«n®(0SN(O<rgg^ 


« 

n 

N 

« 

s 


-Vaf-IOH)  ® 


-  N  n  «  O  N  - 

"i-ft 


loSSSSSloSoSS 

<MO.-*lf>Nr-NtOlflN 

onNitoflnNONv 

Nflfvennnttiiit 

aoMinwom®  now 
NNnavno-»o« 
oanM^ounitNin 

Or  JUfl 
i-  N  n  I)  #K)  N 
-  N 


a 

« 

s 

N 


«  w  5  o  j  «  «  s  n  «  a 
N  S  ID  ®  O  N  «  8  3  O  O 

-rri-NNWHNOn 

a 

8S8?:S8n5 

nio-noo^p- 

o  r*>  r-  ® 


R 


o 

a 


w  ®  fr 
v  ®  i 


nonNanar-ao*- 

nyNNioviftniion 

o'  ®'  «'  •'  (M*  «  N  O*  «"  K>  S 
nn  wnnnisuuu 

« 

N  5  N  a  N  «  N  -  IQ  N  N 

a«vc»ao®aaN 

-»®»NNJr|ia 
-  N  «  n  o  a  o 
«"  **  N 


O 

a 

« 

CM 

8 


nonvavANNao 

cg^r^NiviuiaNiAKd 

nassoooaaao 


BAO<fOO«rBNO 

ddcsinioaivididNO 

•-Nnno 


NtWAAABSnO 

o  ®  «'  u>  W  d  id  m  oi  d  o’ 
««*w®r-F>.»®ao 

p* 

-nSMIOAAnNO 

O  O  o'  rBBBAr  «  d 

~«»3 


*J  O  N  -  ®  K>  10  a  •  N  o 

d^oi^ddod^dd 

•■ATiiNBtcaao 


NK>(0<-K<O*lft<0aO 

oo»-'«dd^dggg 


nnoAoctanno 

d  d  d  N «  w  d  a  d  n  o 

t»«NN«B(Aft5 

r- 

ANVtNONtVBO 

o  o'  r-'  eg  d  d  d  d  jj  d  o 


KIONBAi-NBOSO 

iso 


OV>»B»N 

ttOBIBA 


NJNI  _ 
Kdaao 


Ata»B«NOBtO 

odd*-' doodad  o' 

-NISO 


B-OBOmANBO 

dddddddavNo 

1BBNS0BBI 


i  a  o 

OfrioBr-awafOO 

dd-Bidr-'^ddNO 
-  -  rt  w  o 


IS  THAN  0.06  PERCENT 

ITAGES  BASED  ON  THOUSANDS  OF  DOI 


PRIME  CONTRACT  AWARDS  BY 


88£ 

uj  o  c 

>  S£  O 
hi* 

z  «  1j 


3pN»N«SIDh#N 

8&85  82R3&!?5 

N  «'  <9  to  to  ta  N  «'  d  o' 

»* 

noiroo-ioN^Mfl 

®N0>»CU®®CM®«3 

•“KJi-haOTN^O 

-NVh^BinO 
-  CM  10  - 

NNVODNIigNhn 

««M»Vh7Oni0N 

7ntn««uNonv 
***«**««•«*« 
tu  tO'Nnvieiih 
jj--N«N«NMNN 

8nu>«c\i3w®oio®r- 
O«*9t«1NM0 
lOnTIDNTNUOIA 

•■NVNOtUnh 

-  -  rt  ®  o 


®£>NN'-«0>ONaiO» 

NN^NO^fNNNN 


M-BO  J»»li 
KNNpB#rt®« 
~-CMCMCM««v 


no®  p-  o  «-  v  ®  ® 

pNfldpNBBBB 

nN®«oioio)oiag! 


pBBOIOIABhpN 

lS#10B-hci«NhO 

-cuwenr*®®® 


«0«N«««N«Op- 

•~w®^rioow®’Ti03 

ovncmovoo*®® 


OUOBftlBhOOION 

Bfl^'innnuovig 


p|H|pp«B'fOp'» 

NONOCMO^-OCMN 
B«VOB9B«lt(lh 
*»■**»  ■»*»•*«%*•»«* 
p^BTNNj-## 
-  CM  «  10  o  3  « 
-  -  CM 


UJ  UJ  UJ  UJ  UJ  UJ  UJ  UI  UJ  UJ  UJ 

iiiililiiii 

SSSS£g£gggg 

ooooooooooo 

ooooooooooo 

ooooooooooo 

§§§§8888882 

OOOOIBBNp 

o'  o'  cm'  «-' 


UJ  UJ 

I  p 


—  O  CM  «  <0  CM  O  -  —  •  O 

~Si35d88?Z58 

•W 

»  cm  ®  <- ®  cr «  -  o  o  o 

ddd^ddcoc »fcdg 


CMCMCM®ar»*V'-*0 

SSS^SSSJfcg 

•M 

BltBBBhhOpVO 
O  O  >-  CM  W  ®  d  N  jg  £j  Cjj 


BNpTIOhpIltOO  | 

d  o’  o’  n  •  d  d  d  o  d  i 

h>  a  o>  o>  o>  o>  <n  o>  ot  o  o 

p*  •-  i 


BONRIMBB^BBO 

N'-N®d«NN<0®d 

'-•-CMOVOONOO 


NnCMONNCMNMOO 

!:pdjh‘odoioioo 

isNa«gioigioi«So 


pRRVItOMt»pO 

ddddcM^ddddo 
-cmoow®  s®  do 


BrOBOBCTMMBO 

to  3  d  ~  ®  cm  d  d  3  d  o 
1»ltNh®»»isO 


BS»(p«IMap«0 

dd-cMON-coddd 

-»-o®o 


iiiiiiiiiii 

88888888888 

OOOOOOOOOOO 

o'  o'  o'  o'  o'  o'  o'  o'  o'  o'  o' 

OOOOOOOOON- 

OQOOBBNp 

o'  o'  CM  — ' 


* 


«  LESS  THAN  0.05  PERCENT 
PERCENTAGES  BASED  ON  THOUSANDS  OF  DOLLARS. 


•  z  ' 

z  !  B ! 
Oifii 


>  i  i  )  i  i  i  i  i  i  i 

2N®0*«NO)(ON«S 
OMSi-nuSgii-flv 
IAIAIOID  WIOVONNN 


®(\l«g>N»<Y«Cf>ON 

•-Nioo^ovina 

•“  -  N  rt  <0  -  O 


'"’-'-•-•-■-CVJn' 

®85s2i5§«§? 

-  -  «  »  «' « 


8* £ K 9 S ® » n fi » 

altUSRnNr^gig 

vtteoio-^cyiNNN 

2SJS2wwi0®®n« 

®9O0r-N»'-n®n 

nki^vnoonSSSI 

*  *  *  ®  ®  *  *  m  « 


SJOTTO'-NOlfiVIfi  — 

SP:^8S^5S52a 

*  *  *  •*  ■*  **  •»  <  -a  •*  * 

n#®oo*-»«*-wnw 


&s8S°S5g8s;3 

-ono®  ®  3®  rnr 
******** 

•“  *“  N 

S222S2°®®o® 

S22fi2<,r-!GN'£>® 

no®ioov-o*®oN 

*********** 

Nntonin^viottu 

Jj-'-NNNNCiCJNW 

NOUW'TNSOOO’V 

#»70>-NBN0»N 

'f«NOONSoStfi# 

*  ?«.**  n  n  n  «  ®  ** 
<M^rN0«--w«0 

•-  •-  (VJ  rt  <r  n 


iSSSSESgSSE 

:§ii§!!llii 


§§§!§S§8ss2 

*  ®  «*  * 

OlOMr- 


0(0  V#  V0#N0r-0 

feptsicissfi®®** 

(ONK««®S#aao 


i  <B  v  <o  —  id  *t  a  <n  o 

OO'-NDNoilDOod 

-«IOO 


tnmoont##oo 


NnitNMngin'  o 

oo.-«®ddd^rjo 


NN<r»^rAN>-n<«o 

®N®NnO)(\iu5«wo 

nnioNdtaiSao 


•  NOItB'-O'flOtO 

O<*Vn'n(0W(PWWO 
U  8  K)  N  o 


SfN(NRSNB>-o 


«“”SSSSSS«8 


tVNNNKIItYOIDO 

d-N<V«NU»<pNatb 
<-  —  N  ^  ®  O 


<D  V  «  ®  N  -  N  «  pv  o 

N»0»IO#rVM»0 

tonn««#3SSo 


MNStBdNItNO 

o  -  d  c  a  v  «  o  «  oi  c 
•-  <-  «  •»  ®  o 


mmmn  is* 

ggggggggggg  :®g 

11111118118  lit 

iiimi*jsi  iff 


•*  *•  *  n 

Ol 0  N- 


I  M 

I 


TABLE  VI.  CRYSTAL  FIELD  PARAMETERS,  B,  ,  AND  ENERGY  LEVELS  FOR  Nd3+  IN  YAIO 


U  Q  O  U  U 
•  *  ♦  I  ♦ 

o  c  o  o  o 


u  o  u  o  u 
*  *  •  •  • 
o  o  c  c  c 


O  U  O  CJ  o  u  o 

I  I  <  •  I  •  • 

o  O  Q  O  O  O  C 


IT 

ff  N 

u: 

A  A  A  O  A 

O  IN 

^  ff  o 

N  A  HM  M 

O  IN 

• 

•  1 

• 

•  i 

•  •  « 

•  tilt 

•  « 

-«  ff 

>T 

*'  rN  a  a  ff 

N  rsj 

*  <*  N 

ff  *  <  ff  u 

N  ff 

*< 

ff  9 

O 

O  ^  kA  fN  ff 

*  ff 

-  o  «* 

IN  o  in  ff  N 

IT  0 

wA 

it  r 

o 

0  N  N  X  J. 

0  ^ 

ff  -r  ♦ 

ff  o  O  ff  a. 

ff  + 

ff 

M 

ff  ff 

—  M 

ff 

J  «f  A  A  1 

M  M  M  M  M 

M  M4 

N  N  IN 

H  M  H 

N  IN  N  IN  N 

ff  ff 

ff  IN 

•*  c  \r  ff  c  ■  i;  ff  /» 

•  •  •  I  I  I  I  I 

ff  O  O  0*.  C  *  ff  X 

x  x  >r  91  ? 


Off*  ^  «  IT  t  -  MS. 

•  •  *  ««»«•  I  I 

f  06  M  M  m  X  X  X  N« 

*  x  $>  r  *  *  ff  *  *  ©> 


o  o  u  o  o 

•  ♦  *  •  I 

o  o  e  o  o 


o  o  o  o  o  u 
♦  ***•• 
poeeeo 


o  o  o  o  o  ©  o  ooooouou 

•  •*»•••  »»•••••• 

OCCftOOO  oooooooo 


a 

W  N  * 

z  «« 

J  cu  c 

II  H 


9 

*  9  9 

IT  IN 

►  «  <T 

O  I 


N 

AJ  N 

N 

\  N  N  N  N 

IN  N 

N  N  N 

N  X  N  Pw  N 

M  fg 

N 

V  X 

X- 

X  X  X  X  X 

X  X 

XXX 

X  X  X  s  x 

X  x 

N 

ff  ff 

X 

ff  ff  ff  ff  ff 

ff  ff 

1^  \fl  ^ 

ff  ff  ff  ff  ff 

X  N 

u. 

ff  ff 

u. 

W  0.  0.  U  u. 

N  U. 

a  u,  u. 

I  I  I  X  T. 

IX  x 

># 

*  * 

3 

3  o  o  o  «# 

3  * 

4  3  -# 

X  N  N  N  N 

3  3 

ff 

O  ff 

N 

ff  4  ff  O  N 

N  • 

ff  O  ff 

N  ff  *  IA  O 

K  (0 

ff 

*  A 

* 

<#  *  *  *  * 

N  N 

IN  ff  ff 

ff  ff  ff  ff  ff 

ff  P^ 

V  I 

* 

uj  O 

N  O 

Ui9NS 
Q  I  N  4 

a  id  to 

2  II  H 

SoSS 

«  a  o 


SUM  O  O 
O  N  | 


3f  I  n  a  o  © 
©  AH 

.5-  "m» 

2  o  o 

QKOO 
«J  tf  ©  o 
B  (0  i  l 
*  Off 

O  N  N  N 
K  iANSS 
M  N  M  ff  M 
*-  |  M 


ff  -  o  *  <c 
*  •  •  •  » 
IN  N  ff  O  * 

m  IN  *  6 


*  *  ff  n  n  * 

t  I  I  I  I  I 

•»  m  «  X  *  X 

*  *  o  ©  * 

a  m  m  r\  h*  m 

NNNNNM 


N  NOtNt  N  MMf  <NA<  N 
I  I  I  l  •  »  I 

*  t*  ff  X  ff  X  O'  f  N  H  O  tt.  Wff 

r.  *  o  im  as  ff  *  NffMffNMOff 

f  5  ^  ^  \  h,  f*  ***£«*  AgW'i/W* 

ff  *****  *  nr«<o 


oooooooo 

1  M  I  J  I  I  I 
NOOffOOffO 
fffiOONN*? 
ffM**0*lTX 


NMIMNSS.NN 

wssssss 

ffWfflfifrXfffr 

??$*£*$* 


*  IN  O  IN  O 

•  ••It 
N  T  T  *»  N 
ff  ff  ff  ff 


N  N  ry  n  Psi 

S  S  N  S  V 

ff  ff  ff  ff  ff 


*  m  ff  ff  *  in 

•  ••••» 
X  o  N  A-  o  N 
ff  ff  ff  ff  ff  ff 


W\  A  O  N  IN  —  O  /  ».  A  A  A  M  A  0 

•  ••••••  •••■•••• 

N  4  H  K.  s  h  «  Nl®ffff»ff«*l 

ffffffffffffff  ffffffffffffffff 


NNNNN  NN  NISlNNNMNN 

SSNSSSS  SNNSNNSS 


***** 

A 


******  *******  ******** 


AMC9QH 


IN  ff  *  *\  *  X  *0  ffo  NNA  <  A  A 
MMMMMMM  HNMNNNNN 


Iff  ijift—ff'vTf* 

la ,»ii  .^,-y 


i  ■  j 

k.-'  — 


oucjou  oeouooaoooooo 

coooo  OOCCOOOOODOOO 


ciuoun  c;  o 

•  •  •  *  I  t  *  « 

o  c.  o  c  o  r-  f-  n 


Nrtff/O  ■NO 

•  ««»•  i  <  (  t  i  •  i  i  t  i  l  i  i  *1  *♦*••*•• 

4  h  t  r  ^  .f  ip  *4  ^  ^  h  ^  ^  "1  n  Nr  ^  s  w  >i  ^  ^  ^ 

J  «N>K  (T  Wi  K  4^NNj(*.  f^.NN 

,►.  «*v  »  t  r'  -j  .t  ^  ^  ir  .,•  s  i  ^ 


3  O  W  N  n  1*1  O  N  N  O  'i  N  O  N  ?»  N  N 


«<•«»» 

a.  ^  j  o  n  n 


*  -6 

•  I  t  I  I  I  <  t  I  I  •  <  <  •  • 

-.0  r.  ^  N.  N  o  *•  N  N  O  ■*  £4  NK. 


.»•  r  r  c^»i 

n  ^  >»»  a.  n  •+  n  ■ 

*»  **  f+  ^  »*  m  mi  t 


p 

UJ  N  <♦ 

A  ^  -0 

C  .t:  4. 

i 

II  II 

ai 

iu  i;  o 

q  «g 
s 

o  ** 
►  *  <c 

C  I 


,  f»  tm  N  N  N  N  N 


T'Ctt'TelU 


(+  O  m*  *4  f+ 
I  IS  ^  ^ 


•nN-es  idfr  *  * 


it  ir  r  •/>  i<*  *  •/**  ir 


UO'JOOUOOO 

********* 

croocoooo 


O  <J  O  O  O  O  «  o  o  o  u 

«  I  •  <  I  *  •  •  •  »  I 

e»  o  r»  o  '.*'  oooocio 


ooooouo^ 

I  I  t  )  f  I  I  I 

anonooac' 


V  N  *  N  ^  »  N  m  p*  r 


r*  f*  &  4  rJ  'P  ^ 


a**,wnn/%*>o  -*  r  *;  >\>  **  *  n  u  f  <  *  *r  •* 

i p  -4  ft  4  •*  m  n  n* 

I  M  —  <  *•  f*  *•  «  -  <C  C  K ■  N  N  N  N  k:  r 


■**  •/-*•'  o  o  ^  <J 

f»  T  ^  f>H  C  N  rj 

M4  «rf  N,  N  »«!-•*•  f** 


•  iT  (T 

x  <•*  £  «r 

V  C  —  I 


C  * 

U  N* 

*  5  r.  . 
a  u  a  i . 


**  o  © 

3  a  3  r> 

-J  *  *9  a 

<  «e  «  * 

►  -n  r> 

^  * 

.*  • l/v 

a  ?  1  • 

a  — 


(*.  N  O  n  N  O  'N  n  N  JNN^i^^ONOriN 


T  4»  n  ^  t  o  f-j  a-  r  —  r  &-,  ■<  x*  ^  N 

•  iii*««»t  «  i  i  •  •  »  »  t  «  i  * 

vg.T-^ipoNNirth.f*^ 
NTNNNONi^^  NrprTONNNNN'*'* 


)  ‘  *>  n  i 

i  «  <  t  i 

*  4)  A  4  » 

*  o  />  -  t 

.  fn  IT  N  OJ 

<  m  j  ^  fN 


C*  N.  JO  .3  nj 


torf  V  n  *•  **  ‘I  •- 


**•**'?*#<*>*  U*'  iT  lA  i/>  ir>  ^  (/> 


rr  it  /  i'  'Z' 


NNNNNNINN 


..ty.*  v*t«r.frr '  ' 


See  footnote  at  end  of  table. 


TABLE  Vlil.  CRYSTAL  FIELD  PARAMETERS,  B.,  AND  ENERGY  LEVELS  FOR  Sm3+  IN  YA103 


0 

Q 

M 

4 

ft 

* 

e 

(O 

UJ 

> 

11 

II 

«* 

0 

O 

► 

0 

O 

® 

u 

O 

O 

0* 

UJ 

iN  ft 

O 

IN 

UJ  O 

-  u 

liONM 
C  t  ’-i  ft 
o  ft 


*  *  r 

V  vi  n 
v  a  H-  1 
«.  —  1 
J 

C  a 


u  o  o  u  <3  u  rj 
O  o  <_>  o  n  r>  r.i 


o  u  o  cj  u  o  n 

•  till  «  « 

O  o  P  o  f  •  o  <~i 


*  M  h.  ft  X  ft 


ft  X-  l  )  IN  M1.  IT-  >r  ft  « 

^  N  N  O  ^  O  mo 

T  I*  O  m  M,  .  j  m j  *■ 

ft  ft  ft  tft  ft  ft  Ift  «  4 


rs,  ■*  m  cj  X 

!*•  *N  'T  <6  O 

ft  .M  -a  ft  ? 

C  £  o  -o  <0 


p»  ft  fc*  ft  4  ft  ^ 
ft 

♦  ^  ft  ft  ft  "> 


N  N  N  ft*  N  m  »h 

ft  ft  t  r  M  ft  -ft 


ftj  PJ  N  N  (N  N 

s  <s  V  s  s  S  s 

e*  ft  ft  ft  ft  eft 


N  N  rv 

S  S  S 

ft  ft  fH 


M  *4  Pi  PJ  N  fti  N 

VSSVS  S  V 
ft  ft  ft  -ft  ft  f*  *» 


t  :  u  1  11. 

ft  <0  <6  ft  ft  ft  'C 


ft  ft  i  3  5  < 


*  ©  rnt  N  fft  ft  ft 
H  N  N  N  N  N  N 


?OMfy» 

^  fF  r  «•  W 


OOOO 

•  «  »  l 

ftfion 


u  c>  o  o  u  u  u  ©  a  o  o 
1  1  •  1  1  »*••♦• 
C  O  O O  o  OOOOOO 


m  r«  m*  •<  1  i.  ft  v 

er  ft  ft  ft  *4  . 4  ft  ►.  4 

M*  N  .♦*  ft  •>  ft 

ft  "•«  ft  <N  N  N  N  J 


M  C  P-  ft  - 


^  w  a  ©  *y  *•  o  ©  ©  *\  c.  ©  ©  ^ 

UUN£llllll«|l 

ft 

o  mt^iPi'ininaN' 

5  »  ||ftMft»»Qftl*fr.ft( 

ft  OO 
C  l  o  o 
J  «  o  Cl 


-ftVVftr  p»  ft  t  11?  *■  1  J*  ft  *r  r. 

©  ©  >  t  *  •.  ^  *  *.  r  r*  *  rp  *  ft 


>  iN  IN  f<  N  N  N  N  N  N  l 

brf 


XIX1  I  1  U  tk  1 

ft  ftftftftftftftft, 


N  N  N  N  N  N  N  Pv  PJ  N  N  PJ  N  N  »J  N  N  rj 

SSS  ft  ft  N  ft  S  S  S  S  S  SSSSSS 

•ft  ft  ft  ft  ft  ft  ft  (T  P  ?  >  f»  ft  ft  ft  ft  ft  m 

ft  ft  ft  ft  ft  ft 

xxi  rtxx  rirxx  it  x  tlx 

ftftft  ft  ft  ft  ft  ft  ft  ft  ft  ft  ft  ft  ft  ft  ft  ft 

ft  iN  ©  ^rfth-  J)  T  O  -I  N  I*s  ft  ft  ft  ►«  ct' 

ft  ft  ft  ft  ft  ft  ft  ft  ft 


■HMHriMWlWMia 


LU 

8 


S 

at 


ft. 

X 

UJ 


o 


o 

Ui 

x 


o  o  u 
*  *  ♦ 
o  o  o 


s* 

o 


a  -o  <* 
»  •  * 
Ifo  o 


1 

N 

8 

2 

K 

5 


VU 

U-- 

ec 


oooo  o  o  u  o  o 

.  .  i  I  *  #  I  •  • 

OOOO  O  O  O  O  O 


r*a  *  ®  oft  ro  <r  •*  4*  + 

I  I  I  I  I  J  t  •  ♦ 

o  x  a*  -o 

»  A  p  H  ^  'i  N 

S*X®  <►  O'  ^ 


N  N  K  O  *ft  ^  N  * 


.13 

*  f*  T  O' 


^  if  r  *  t 

*  *  o«  o  <r 


N 

V 

\r> 

N  IM  H 
*s  *s  s. 

^  i0  * 

N  N  N  M 

s.  ^  ■V  ^ 

K  N»  (• 

<s,  N  *N  ^  N 

V  V  v  V  v 

O'  p*  rr>  CT-  T 

2s 

A.  ^  V? 

<a  <0  « 

44  44 

u.  wk.  u.  a.  u. 
0  *>  4  *  -C 

$ 

*.  ao  -> 

O  --  N  Oi 

*  4  *  * 

*  u*  .ft  f»  <D 
-#  4  \t  * 

I 


<U  I 

.c  m  a 

a  a  sl 

fs  Is 
Cn  <D 

E  W 

•h  .  R  m 

H  H  "H 

m  h  ,  n 

0  „  Is  M 

**  «j  a  .3 

Sifl  q  S' 

X)  m  •■s  0 

w  i-S  M 


1 


Hs  UJ 
H  °  3i 

ij  #  5 

J5  H 

0  jjj 

8*1 

a>  o 


s 

8« 


ft 


,1 


s 


s  s>  | 
g  -5  l» 

iS  Ss 


I  &SJ 


o  m 

tel  H 


8 


1 


19 


TABLE  IX.  CRYSTAL  FIELD  PARAMETERS,  B.  ,  AND  ENERGY  LEVELS  FOR  Eu3+  IN  YAIO 
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The  least-rms  deviation  between  the  calculated  and  experimental  energy  levels  is  8.010 
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The  least-rms  deviation  between  the  calculated  and  experimental  energy  levels  is  7.033 
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deviation  ijetween  these  calculated  and  experimental  energy  levels  is  15.385  cm 
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TABLE  XXI-  CRYSTAL  FIELD  PARAMETERS,  B^,  AND  ENERGY  LEVELS 
FOR  Tm3+  IN  YA103  (CONT’D) 
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